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Dear Sir: 

I, the undersigned, declare as follows: 

1. I am an expert in ihe field of viral biology and molecular virology and have worked 
with coxsackieviruses and other Picomaviruses for 25 years. I am an author/co-author of about 85 
peer-reviewed publications, review articles and book chapters in this field. My Curriculum Vitae is 
attached. I am currently a Professor of Pathology & Microbiology at the University of Nebraska 
Medical Center. I am very familiar with the research publications of Dr. Arlene Ramsingh, co- 
inventor of the above-identified patent application. We are colleagues in the same field. 

2. I have reviewed the relevant sections of the outstanding Office Action and the patent 
application, including the rejected claims. My comments below are addressed to several points 
raised by the Examiner, particularly in relation to her citation of the reference Caggana, M, Chan, P, 
and Ramsingh, A (1993) J. Virol. 67:4797-4803 (referred to below as "Caggana") as anticipating 
claims 1,3,4, 18, and 20-26. 



DCJ0330695.1 



RAM-1 



MAY-24-2005 15=30 4025594077 
• USSN 09/879,572 



4025594077 P. 03/06 
AttyDJer: ^yuo.uum 



3. I wish to preface my specific remarks with the following general statements. Simply 
put, vims populations, especially RNA virus populations in which no editing function exists in the 
RNA-dependent RNA polymerase, arc constantly changing. The extent to which change occurs is a 
function of how the virus population at present adapts to the current environment. Merely 
inoculating cells with a dose of an RNA virus results in a new population of virus in which changes 
in the RNA can be found which were not present prior to the passage. Virus populations are not cast 
in concrete, but are plastic. Such differences do not necessarily make non-identical viruses 
"heterologous" to one another. It is important to keep this in mind when trying to "equate" notions 
of homology and heterology in viruses, especially RNA viruses, with the similar concepts applied to 
DNA whether from E. coli, yeast or mammalian cells. It is hoped that my remarks will help clarify 
these issues. 

4. As regards viruses of the CB4 serotype, JVB can be considered a strain of the CB4 
serotype; CB4-P and CB4-V can be considered either variants of that strain, variants of one another 
or different sixains. That distinction is not really helpful. Because CB4-V was derived from CB4-P 
by mouse passage, the CB4-V strain or variant is clearly very closely related "structurally" to the 
CB4-P strain or variant, sharing near-perfect identity. They may be considered "homologues" of 
one another; they certainly are not heterologous. So even though they lack 100% sequence identity, 
CB4-V and CB4-P cannot be viewed as heterologous to one another in terms of viral biology. It is 
well known in the picomavirus field that genetic variations within a particular group can have 
diverse biological or "clinical" phenotypes. For example, at certain doses, avirulent or non- 
pathogenic genetic variants of the JVB strain of CB4, like CB4-P, cause mild, transient pancreatitis; 
other more virulent mutants, like CB4-V may cause chronic pancreatitis or transient diabetes in 
mice. Again, this is not a basis for asserting that they are heterologous. 

5. The Examiner has made the following statements: 

fa) Caggana teaches coxsackievirus CB4-P/CB4-V chimeras, in which an attenuated strain, 
CB4-P expresses heterologous CB4-V proteins of various types (PI, P2, P3) at various ^sofxhc 
CB4-P genome, including just downstream from codon 129 of VP1, DE loop (see page 4797- 4798, 
"Construction of recombinant viruses"; page 4798, Figure 1; pages 4799-4801, bridging paragraph; 
and page 4802, second column, first line). 

(b) The VP1 region encodes capsid, which itself is immunogenic and thus contains epitopes 
(B-cell and/or T-cell). 
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(c) Applicant has argued that Caggana's chimerics are not intended to be encompassed by the 
instant claims because Caggana replaces regions of CB4 viruses with other regions of CB4 viruses. 
Applicant argues that the replacement of CB4-P genes with CB4-V genes is not a heterologous 
nucleic acid insertion. While the Office acknowledges that the CB4-P and CB4-V strains of 
coxsackievirus differ by about five amino acids, they remain structurally distinct strains because they 
have different amino acid sequences that renders one virulent and the other non-virulent. Even 
though the virulence is credited to one amino acid residue in the capsid protein of VP1 (Caggana, 
abstract) the sequences of the two remain different. The VP1 region of CB4-P is not the same as the 
VP1 region of CB4-V structurally (amino acid difference) and functionally (virulent, non-virulent). 
As such Caggana's chimeric meets the claim limitations of being a CB4 virion with heterologous 
nucleic acid inserted into an open reading frame that results in fusion to the capsid protein of the 
virion wherein heterologous nucleic acid is defined as "not otherwise naturally present in the genome 
of the'virus". In the instant case, the PI region of CB4-V was notnaturally present m the genome of 
the CB4-P virus. Therefore, the claims are encompassed by Caggana. 

6. The chimeras (=chimerae) to which the Examiner refers (at Para. 5(a), line 1 , in the 
above quote) are merely man-made variants of either strain, any of which might occur given time 
and correct circumstances; the use of recombinant DNA technology permits immediate analysis 
instead. Technically speaking, one might refer to such minor changes as intratvpic chimeric viruses, 
to denote the fact that one homologous region of a related strain of the same serotype was used to 
replace the original sequence. Thus, whether one mutates a nucleotide to change one amino acid, or 
one excises the coding sequence for 20 contiguous amino acids and puts in its place the mutated 
coding sequence in which the same nucleotide has been mutated, the outcome is the same. Viruses 
of the present claims are also chimeras - characterized in this case by the insertion of truly 
heterologous sequences such as ovalbumin or I-UV peptides. The process of cloning described by 
Caggana involved removal of a CB4 sequence, and re-insertion of another related and closely 
homologous (which is to say, few differences at the nucleotide level) CB4 sequence into that space - 
a 'functional sequence replacement ' . As the re-inserted similar sequence was from a very closely 
related CB4 genome with extremely few differences at the nucleotide and amino acid levels, this 
represents replacement of one sequence with another, nearly identical sequence. It is not insertion, 
as would be the case if the coding sequence for a non-CB protein such as green fluorescent protein 
(or an fflV peptide) were inserted into the intact CB genome, making such chimeric virus's nucleic 
acid molecule longer than that of the parental virus. 
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7. Again, the CB4 nucleic acid sequence (from the -V or -P variant) that replaces the 
original CB4 sequence in the other virus should not be considered heterologous, as long as the 
replacing sequence is fhe former sequence's homologue in the donor genome. The Examiner's 
extreme interpretation of the definition of "heterologous" used in the application 

«Mhe term 'heterologous polypeptide' refers to a polypeptide which is not otherwise naturally 
eSres^by Cvtfs The £n 'heterologous nucleic acid' refers to any nucleic acid ^ „ not 
0 Se ^rurally present in the genome of the virus at the posiuon m wbch it » mserted 
makes poor biological sense, in my opinion. This is indeed the case in Caggana when replacing *e 
CB4-P protein ID with the protein ID from CB4-V). While me Office is correct in stating that 
«[t]be VP1 region of CB4-P is not the same as the VP1 region of CB4-V structurally (amino acid 
difference) and functionally (virulent, non-virulent) T disagree with the notion that Caggana's 
"chimeric" (see my comment above) is "a CB4 virion with heterologous nucleic acid inserted into 
an open reading frame that results in fusion to the capsid protein of the virion " It seems to be a 
contradiction in terms to view a homologous gene, sequence, or protein as "heterologous." In the 
case of the viruses described in Caggana, it is clear to me that the replacement sequence is not 
heterologous. 

8 To summarize, the cloning strategy described in the present application to create the 
claimed recombinant viruses and nucleic acid molecules differs fundamentally from that described 
by Caggana in that, here, truly heterologous sequences (such as ovalbumin, HIV gag P 24, proteins 
that are not found in CB vimses in nature 1 ), that include additional coding sequence are mserted 
into CB4 cloning vectors (not merely replacing existing, homologous sequences). Because this is 
"insertional cloning," the overall coding capacity of the recombinant virus increases significantly 
compared to that of the "host" CB4 strain's genome. The viruses and the manipulates described in 
Caggana are distinct from the claimed recombinant chimeric viruses and the methods used to 
generate them, as described in this application. 
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9. Viruses that are genetically equivalent to CB4-P can be manipulated genetically per 
the application to allow insertions of heterologous nucleic acids in defined spots as described, e.g.. 
to yield an internal fusion of VP1 (see claim 7) or inserted in-frame and directly upstream of VP4 
coding sequences (see claim 13). I know of no reason why one could not use, therefore, any strain 
of CB4 (or any of the 6 CB serotypes), to produce the chimerae described by the Applicants. There 
is no reason that a skilled person would be limited in his/her ability to practice this invention using 
CB4-P or any other CB4 virus. Any genetic variant of the JVB strain of the CB4 serotype can be 
used in the very same way. JVB is publicly available from the ATCC. Thus, the skilled person 
would not have to resort to any other deposits of CB4-P virus to practice this invention fully. 
Moreover, there is nothing special about the serotype B4 versus the other five CB serotypes. Once a 
person skilled in the field has been apprised of the present invention and read the application, that 
person will be able to practice it as written in the claims. Indeed, what works in CB4-P to create a 
virus expressing a heterologous polypeptide that can act a as an imrnunogen would also work in 
CB4-JVB or CB4-V (notwithstanding other considerations like virulence). Indeed, what works in 
CB4-P would also work in any strain of virus of tie other coxsackievirus B serotypes. 

10. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to by true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 
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Dear Sir: 

I the undersigned, declare as follows: 

, am an expert in the field of molecular vro.ogy and clinical infectious disease, with 

an emphasis on HTV. I have worked with various different classes of viruses for about 25 years and 
an emphasts ^ r am ^ author/co . aul hor 
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,„e WfflS Scientific Advisory Board and chair of its Scientific Worttng Group on , HIV » 
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2. I have reviewed the relevant sections of the Office Action and the patent application, 
including the claims. My comments below aie based on my specialized knowledge of RNA viruses 
and their particular properties that distinguish them from DNA viruses and from prokaryotic and 
eukaryotic cells as concerns their nucleic acids, replication and unique structural variation and 
heterogeneity. Although I am not a specific expert in coxsackieviruses, I do know a great deal about 
how they and other RNA viruses resemble and also differ in significant ways from HTV-1. I note 
that the present invention does focus to a large degree on production and use of recombinant CB4 
viruses into which have been inserted heterologous nucleotide sequences that encode HTV peptides 
for use as immunogens and vaccines. 

3. My research focuses on HTV-1 sequence variation and its impact on pathogenesis and 
treatment of HTV and AIDS. HTV- 1 variation is ubiquitous and occurs not only among infected 
individuals, but also among HTV-1 strains or "quasispecies" obtained from different organs in the 
same person. HTV-1 envelope genes isolated from people in Africa and New York are highly 
divergent and may differ by -25-30% of their sequences. HTV-1 and coxsackie genomes diverge 
from one another by much more than that, of course. It is highly probable that the diversity of 
HTV- 1 sequences among virions within the body of a single patient across various compartments 
(blood, lymph, lymphatic tissue, mucosal tissue of the gut and reproductive system, etc.) is greater 
than the sum total of diversity of all CB4 viruses throughout the world. That fact has been proven to 
be true when comparing HTV-1 diversity in one patient with the influenza virus worldwide. Having 
said that, it is important to appreciate for the present discussion that the genes and their polypeptide 
products in all these HTV-1 variants (some differing quite extensively, e.g., by 25-30% of the total 
genome) are nonetheless not considered to be "heterologous" one to the other. 

4. In view of the above, I was rather stunned to learn that the Patent Office, when 
considering the publication by Caggana et al. J Virol. (1993) 57:4797-803) and applying it to the 
invention being claimed in the above-identified application, took the position that the CB4-P and 
CB4-V variants were heterologous to one another. That is a view that would simply not be accepted 
by any virologist (or other biologist) for reasons presented below. In comparing these two variants 
over a stretch of close to 3300 nt's (including the most variable part of the viral genome), only 9 
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total nucleotides differed, of which only 5 were in coding regions, resulting in viruses that differed 
in a grand total of 5 amino acids in three viral proteins, A single amino acid position in the VP1 
protein was shown to be responsible for the phenotype of interest (virulence in mice). This amount 
of variation is exceedingly small and is nowhere near the extent that would be considered as 
defining separate viral serotypes or strains or classes or whatever other taxonomic term one chooses, 
and would certainly not be considered by people skilled in this field as "heterologous". Indeed, as I 
relate below in Sec. 7, major "functional" differences in HTV-1 pathogenicity that are associated 
with even greater nucleotide sequence differences than those which distinguish CB4-V from CB4-P, 
are not considered heterologous by anyone's definition of the term. 

5. Another reason why the "new" CB4 nucleic acid sequence (CB4-V), described in the 
Caggana paper and replacing the original CB4 sequence in the CB4-P variant, cannot fairly be 
considered heterologous is because these sequences are, in fact, homologous: they encode the same 
protein with the same biological function, but with one mutated amino acid. Something that is, in 
fact, homologous cannot at the same time be heterologous. That situation is completely distinct 
from this invention - where sequences truly foreign to CB4 viruses are inserted in certain sites to be 
appropriately expressed so that these recombinant virions can serve as immunogens to evoke 
immune responses to these non-coxsackievirus peptides. 6. The Examiner has focused on this 
minimal CB4-V - CB4-P difference in conjunction with the definition for "heterologous" used in 
the application and asserted first that: 

Even though the virulence is credited to one amino acid residue in the capsid protein of 
VP1 . . . , the sequences of the two remain different. The VP1 region of CB4-P is not the same 
as the VP1 region of CB4-V structurally (amino acid difference) and functionally (virulent, 
non-virulent). 

(emphasis added). Those statements are accurate and correct. From this, the Examiner went 
on to characterize the virus described in the Caggana paper as having 

. . .heterologous nucleic acid inserted into an open reading frame that results in fusion to the 
capsid protein of the virion, wherein heterologous nucleic acid is defined as "not otherwise 
naturally present in the genome of the virus". ... the PI region of CB4-V was not naturally 
present in the genome of the CB4-P virus. 
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The Examiner's interpretation of the definition of "heterologous" used in the application is strained, 
and not in line with how those in the field view RNA viruses, their nucleic acids, and their proteins, 
the variation in the sequences of these molecules, and their relationship with one another. It is these 
relationships that are at the heart of the concepts of 'homologous' and "heterologous' (because 
something is homologous or heterologous only to a reference sequence or virus or bacterium or 
animal species). Thus, I must firmly disagree with the Patent Office's assertion that the virus 
described in Caggana is 

"a CB4 virion with heterologous nucleic acid inserted into an open reading frame 
that results in fusion to the capsid protein of the virion". 

Rather, it is a CB4 virus in which a segment of a nucleic acid (a viral gene) has been replaced with 
the homologous (albeit non-identical) segment from a very closely related virus of the same taxon. 
Calling it heterologous is the polar opposite of what I and scientists skilled in this field would call 
it, the application's definition notwithstanding. Reading the application alone, it is unequivocal to 
me that the Applicants did not intend to include within their definition of "heterologous 
polypeptides" other coxsackievirus polypeptides, and certainly not homologous CB4 polypeptides as 
in Caggana. 

7. It may be instructive to compare the situation of the CB4-P and CB4-V viruses of 
Caggana with differences between HIV-1 viruses where defined sequence differences are associated 
with different levels of pathogenicity. In studying determinants of HTV-1 attenuation and 
pathogenesis, we and others have turned our attention to "long term non-progressors" (LTNP), 
patients infected with the virus for say ten or more year but in whom (a) the disease does not 
progress and (b) there is no significant depletion of CD4+ T cells. We reported on an individual 1 
who underwent a transition from LTNP to rapidly progressive infection and analyzed hundreds of 
clones of full-length HTV-l RNA genomes from the plasma of this individual before and during the 
transition. We found that a 20 bp deletion appeared to confer attenuation on the virus. When the 
infection became progressive, all viruses had intact (non-deleted) sequences and were derived from 



' Fan" G Burger H, Chappey C, Rowland-Jones S, Visosky A, Chen C, Moran T, Townsend L, Murray M, and I Weiser 
B. (2001) Analysis of transition from long-term non-progressive to progressive infection identifies sequences wh.ch may 
attenuate HIV- 1, AIDS Res and Hum Retroviruses, 17: 1395- 1404 
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a minor species present earlier. Comparing this to the CB4-V and CB4-P viruses described in 
Ca-gana, one sees that a defined molecular change, somewhat larger in magnitude in our case, was 
responsible for the virus's pathogenicity. However, the sequence with the 20 bp deletion was not 
"heterologous" to the intact (non-deleted) sequence and vice versa. All the sequences present in the 
subject were derived from a common ancestor. Employing the application's definition here, the 
nucleic acid lacking the 20 bp was "not naturally present in the genome" of other viruses without the 
deletion. The nucleic acid of the virulent form of HIV- 1 in this subject "was not naturally present" 
in the deleted nucleic acid of the attenuated variant. Yet, it would have been considered absurd had 
we labeled these sequences as heterologous. Similarly, the Patent Office's calling the CB4-P and 
CB4-V viruses heterologous is scientifically totally untenable. 

8. In contrast to the discussion in Section 7, above, examples of sequences from related 
viruses that are nonetheless considered heterologous to HTV-1 are sequences from the viruses HIV-2 
and SIV (simian immunodeficiency virus). Both HIV-2 and SIV are considered by the virology 
community to be djsrinctvir^ from fflV-1 and vary from each other by more than 35% at the 
nucleotide level. Different primers are needed to amplify these different genomes. The chimeric 
virus composed of portions of HIV-l and SIV, known now as the SHIV (engineered by Sodroski 
and colleagues for use primarily in vaccine design), expresses the env gene of HTV-1 yet can still 
infect and replicate in rhesus macaques (the natural host of SIV but not of HIV-l). This 
recombinant, chimeric virus, like the recombinant chimeric coxsackieviruses of the above- 
identified invention, but unlike the CB4-V and CB4-P viruses of the Caggana reference, is 
definitely considered to contain heterologous sequences. 

9. In summary, I reiterate that the Patent Office has adopted here a meaning of 
heterologous polypeptides and nucleic acid sequences that is fundamentally different from the 
meaning accepted by the scientific community and from that in the application. The Caggana 
reference describes replacement of a few, subtly varying homologous nucleotide sequences in the 
laboratory generation of an attenuated CB4 variant from an extremely closely related virulent CB4 
variant. Based upon my knowledge of an extensive literature dealing with viral variation and my 
expertise in this very field, I believe that no virologist would consider the altered sequences 
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.a ■ ^ fipirf I can see no proper basis for the Patent Ottice s 
nnnlication and what is accepted m the field, I can see nop v 

reference and the Applicants' claims. 
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patent issuing thereon, or any patent 



to which this verified statement is directed. 



' Barbara Weiser 
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described in the Caggana reference to be heterologous. Considering both the present patent 
application and what is accepted in the field, I can see no proper basis for the Patent Office's 
conclusions about what this reference says. Likewise, I do not see any connection between the 
reference and the Applicants' claims. 

10. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to by true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 



Date Barbara Weiser 
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PATENT TRADEMARK OFFICE 



DECLARATION OF GEORGE F. VANDE WOUDE, PH.D. 
PURSUANT TO 37 C.F.R § 1.132 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

I, the undersigned, declare as follows: 

1 . I am an expert in the field of virology, molecular biology and particularly molecular 
oncology. My work over the past 30+ years has focused on oncogene research. I have worked with 
various families of viruses and began my post-graduate career studying foot-and-mouth disease 
virus (FMDV). a member of the picornavirus family just like coxsackieviruses. I am an author/co- 
author of about 300 peer-reviewed publications, review articles and book chapters in my field. I 
have been the Director of the Van Andel Research Institute in Grand Rapids, MI, since 1999. 
Before that I was the Director of the Division of Basic Sciences of the National Cancer Institute 
(NCI), NIH, Bethesda, MD and Head of the Molecular Oncology Section, at the NCI-Frederick 
Cancer Research and Development Center in Frederick, MD (the latter position dating back to 1983. 
I was a section head and laboratory head at the NCI in Bethesda starting in 1972. I was elected to 
the National Academy of Sciences in 1993 and have been the recipient of numerous awards and 
honors. I have beer; and continue to be a member of numerous scientific review committees and 
advisory boards of research institutions around the world. My Curriculum Vitae is attached. I am 
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an inventor/co-inventor of a seven U.S. Patents, various corresponding foreign patents and 
numerous pending U.S. and foreign patent applications. 

2. I was asked to reviewed relevant sections of the patent application identified above, 
the outstanding Office Action and the rejected claims due to ray expertise in molecular genetics, 
virology and oncology,. My comments are based on my knowledge of the genetics of RNA viruses, 
DNA viruses, and mammalian cells. I am familiar with coxsackieviruses, and I spent several years 
working on a related virus, FMDV. 

3. The claims I reviewed concern recombinant attenuated coxsackievirus B4 (CB4) 
virions engineered to express a foreign (or heterologous) sequence. I say "foreign" because the 
sequence is, or can be, derived from a different source, not a coxsackievirus of the same serotype or 
strain, but, for example, a truly different virus (such as HIV). The application also describes the 
use of nucleotide sequences from a variety of non-viral pathogens that encode various bacterial, 
parasitic and cellubir, including mammalian, proteins. The CB4 virions described in the claims are 
genetically modified with an inserted foreign (heterologous) nucleic acid sequence that encodes a 
foreign (heterologous) polypeptide or peptide that can be expressed as a viral capsid fusion of the 
CB4 protein VP1 or as an upstream amino-terminal fusion of the CB4 protein VP4 . A major 
emphasis of the invention is the use of these recombinant attenuated CB4 virions as "vaccine 
vectors" to induce an immune response to the foreign peptide antigen engineered into CB4 virions. 

4. The Patent Office's analysis of the paper by Caggana et al J Virol 67:4797-803 
(1993), which was used to reject the claims on the grounds that the claims were anticipated by this 
paper, is incorrect as I interpret their argument. The rejection asserts that the two viral variants 
discussed in the paper, CB4-V and CB4-P, are "heterologous." This interpretation is improper 
because viral variants such as the above two are not foreign or heterologous. Genetically they are 
two alternative sequences of the same gene - "alleles" or "allelic variants." I know of no definition 
of "foreign" or 4, heteroIogous," including the definition appearing in the application, that would 
result in the CB4-P and CB4-V nucleic acid sequences (or their protein products or the viruses 
which carry them) being called foreign or heterologous to any CB4 virus. 
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5. As I understand it, the Patent Office has said that it considers the sequences in 
Caggana et al to be heterologous because "the PI region of CB4-V was not naturally present in the 
genome of the CB4-P virus." Whatever this statement means, these two variants cannot be viewed 
as different viruses. The Patent Offices states that the Caggana reference describes a "heterologous 
nucleic acid inserted into an open reading frame that results in fusion to the capsid protein of the 
virion;' This is backwards: the CB4-P and V sequences are "homologous," the converse of 
"heterologous". Stated correctly, a portion of the nucleic acid of a CB4 virus Replaces" a 
homologous portion of a nucleic acid of the same length to yield the other variant. "Insertion" of a 
sequence requires the addition of coding capacity - not present in Caggana, but characteristic of the 
present invention where foreign sequences are inserted so that a CB4 virion expresses de novo a 
foreign peptide such as an ovalbumin peptide or various HIV peptides. 

6. For the reasons cited above, I respectfully disagree with the Patent Office's 
conclusion that Caggana et al describes "a CB4 virion with heterologous nucleic acid inserted into 
an open reading fnime that results in fusion to the capsid protein of the virion". That is not an 
accurate characterization of what is described by this reference. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to by true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent tc^ which this verified statement is directed. 
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GEORGE F. VANDE WOUDE, Ph.D. 

Director, Van Andel Research Institute 

EDUCATION*™ 

Ph.D., Rutgers University, 1964 
M.S., Rutgers University, 1962 
B.A., Hofstra University, 1959 

PROFESSIONAL BACKGROUND 

1999-present Director, Van Andel Research Institute, Grand Rapids, Ml 

1998 - 1999 Director, Division of Basic Sciences, National Cancer Institute, NIH, Bethesda, 

MD 

1 995 - 1 998 Scientific Advisor to the Director for Basic Sciences, 

National Cancer Institute, NIH, Bethesda, MD 

1983 - 1998 Director, ABL-Basic Research Program; Head, Molecular Oncology Section, 

ABL-Basic Research Program, NCI-Frederick Cancer Research and 
Development Center, Frederick, MD 

1981 - 1983 Chief, Laboratory of Molecular Oncology, National Cancer Institute, NIH, 

Bethesda, MD 

1972 - 1981 Head, Human Tumor Studies Section, Viral Biology Branch, National Cancer 

Institute, NIH, Bethesda, MD 

1965 - 1972 Research Chemist, U.S. Department of Agriculture, Plum island Animal Disease 
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1964 - 1965 Postdoctoral Research Associate, U.S. Department of Agriculture, Plum Island 

Animal Disease Laboratory, Greenport, NY 

1960 - 1964 Research Assistant, Rutgers University, New Brunswick, NJ 
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U.S. Public Health Service Predoctoral Trainee, Rutgers University, 1960-1964 

U.S. Department of Agriculture Postdoctoral Research Associateship Plum Island Animal Disease 

Laboratory, 1964-1965 
Recipient, NIH Merit Award, 1982 

Recipient, 1989 Pasarow Foundation Award for Cancer Research 

Hassel Foundation 1990 George Khoury Memorial Lecture, Philadelphia, PA 

Recipient, 1992 Lifetime Achievement Award in Technology Transfer, NASA 

Honorary Doctorate of Science, Michigan State University, 1999 

Grand Rapids Magazine Medical Hall of Fame Inductee, 2001 

Member, National Academy of Sciences, 1993-present 

Section Chair, Medical Genetics, Hematology & Oncology, National Academy of Sciences, 2004-present 

Fellow, American Academy of Microbiology, 1997-present 

Member, American Association for Cancer Research, 1984-present 

Member, Board of Directors, American Association of Cancer Institutes, 2003-present 

Member, Advisory Council, General Motors Cancer Research Foundation, 1994-present 

President and CEO, Core Technology Alliance Corporation, 2004-Present 
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Collaborating Partner, National Dialogue on Cancer, 2000-present 

Executive Board Member, Grand Rapids Clinical Oncology Program, Grand Rapids, Ml, 1999-present 
Alice Hogge and Arthur A. Baer Professorship and Visiting Professor, Department of Radiation and 

Cellular Oncology, University of Chicago, 2002-2004 
Adjunct Professor, Johns Hopkins School of Medicine, Baltimore, 1985-1997 
Member, Board of Directors, American Assoc for Cancer Research, 2001-2004 
Member, American Association for Cancer Research's Science Policy and Legislative Affairs 

Committee, 2003 

Kovalenko Medal Award Committee, American Association for Cancer Research, 2003 
Co-Chair, Laboratory Research Awards Committee, American Association for Cancer Research, 2003 
Rhoads Memorial Award Committee, American Association for Cancer Research, 2000-2001 
Visiting Scientific Advisory Committee, Columbia University Comprehensive Cancer Center, 

New York, NY, 1986-2004 
Board of Scientific Advisors, Thomas Jefferson University, Jefferson Medical College, Philadelphia, PA, 

1995-present 

External Advisory Committee, Karmanos Cancer Institute & Prentis Comprehensive Cancer Center at 

Wayne State University, Detroit, Ml, 2001 -present 
Scientific Advisory Panel, North Shore-Long Island Jewish Research Institute, Manhasset, NY, 2002-present 
Committee of Scientific Advisors, U.S. Military Cancer Institute, Washington, DC, 2001- present 
Chair, External Advisory Board, Children's Cancer Research Institute, University of Texas Health 

Science Center, San Antonio, TX, 2003-present 
Member, Governing Board of Directors, Biosciences Research & Commercialization Center, Western 

Michigan University, Kalamazoo, 2004-present 
Advisory Board, Natl Cancer Legislation Advisory Committee/C-Change, 1999-2001 Advisory Board, 

Innovation Center, Michigan Life Sciences Corridor, 2000-2001 
Awards Assembly, General Motors Cancer Research Foundation, 1990 -1994 
National Academy of Sciences Research Briefing Panel on Oncogenes, 1984 
Scientific Advisory Board of the Leonard and Madlyn Abramson Family Cancer Research Institute, 

University of Pennsylvania Cancer Center, 1999-2004 
Board of Scientific Consultants, Memorial Sloan-Kettering Cancer Center, 1990-2002 
External Advisory Committee, University of Wisconsin Comprehensive Cancer Center, Madison, Wl, 

1999-2002 

Research Advisory Board of the Mount Sinai Hospital, Samuel Lunenfeld Research Institute, Toronto, 
1991-2000 

Board of Scientific Advisors, Univ of Pennsylvania Cancer Center, 1984-1999 
Scientific Advisory Committee, Vincent T. Lombardi Cancer Research Center, 

Georgetown University, Washington, DC, 1988-1999 
Board of Scientific Counselors, Division of Cancer Etiology, National Cancer Institute, NIH, 

Bethesda, MD, 1985-1989 
Int'l Advisory Committee, Maimonides Conferences on Cancer Research, 1985-1 988 
Scientific Advisory Committee and Board of Managers of the Wistar Institute, Philadelphia, PA, 1985-1991 
Member, Scientific Advisory Board, St. Jude Children's Hospital, 1986-1995 
Scientific Advisory Board, Israel Cancer Research Fund, 1986-1990 

Chairman, Board of Scientific Advisors, Institute for Cancer Research, Fox Chase Cancer Center, 
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Leukemia Society of America Grant Review Subcommittee, 1987-1991 
External Advisory Committee, Utah Reg Cancer Center, Salt Lake City, 1988-1994 
International Review Panel of the Medical Research Council, Ottawa, Canada, 1996 
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EDITORIAL BOARDS / CONFERENCE ORGANIZATION 

Editorial Board, DNA and Cell Biology, 1984-present 

Co-editor (with George Klein), Advances in Cancer Research, 1987-present 

Editorial Board, Oncogene, 1987-present 

Member, Editorial Board, Molecular Imaging, 2001-present 

Member, Editorial Board, Cell Cycle, 2001-present 

Member, Editorial Board, Molecular Cancer Research, 2003-present 

Member, Editorial Board, Cancer Genomics and Proteomics, 2003-present 

Guest Editorial Member, Japanese Journal of Cancer Research, 1987-2004 

Member, Editorial Board, Cancer Letters, 2000-2004 

Research Advisory Panel, Advances in Oncology, 1994-2001 

Associate Editor, Cancer Research, 1997-2000 

Editor, Journal of Virology, 1980-1990 

Associate Editor, Cell, 1984-1990 
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Editorial Board, Leukemia, 1993-1996 

Founder and President, Foundation for Advanced Cancer Studies, 1984-present 
Organizer and Sponsor, Annual Oncogene Meetings, Frederick, MD, 1985-2004 

PROFESSIONAL SOCIETY MEMBERSHIPS 

Sigma Xi 

American Chemical Society 

American Society for Microbiology 

American Association for Advancement of Science 

American Association for Cancer Research 

American Society for Cell Biology 

American Academy of Microbiology 
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acid synthesis. Virology 30:541-550, 1966. 

5. Vande Woude GF ( Trautman R, and Bachrach HL: The influence of the host cell, ionic strength and 
chymotrypsin of foot-and-mouth disease virus electrophoretic mobility. Arch Ges Virusforsch 20:71-80, 
1967. 
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and-mouth disease virus. J Virol 4:727-737, 1969. 

12. Vande Woude GF: Biochemical investigation of foot-and-mouth disease virus. International Pilot 
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Dear Sir: 

I, the undersigned, declare as follows: 

1. I am a co-inventor of the present application. My Curriculum Vitae and background 
have already been submitted as part of an earlier Declaration. It is my intention here to help clarify 
the record in this case by recounting some relevant history of Coxsackievirus B4 (CB4) viruses and 
the variants that are described in this application, well-known in the art, and that are intended to be 

used in the claimed invention. 

2. The, prototypic stein of CB4, JVB, was isolated in the 1950's and deposited in the 
ATCC by Sickles and Daldorf from the institute which was the forerunner of my place of 
employment, the Wadsworfh Center of the New York State Dept. of Public Health, This deposited 
vims was given ATCC # VR-184 and remains publicly available. It can be found by entering this 
number on the ATCC virus search page ' 

hu P :/Avww .M cc.org/comm^ ' 
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3. Virus derived from the deposited JVB strain has been sequenced at least twice, first 
by Jenkins and colleagues (Jenkins et al. 1987 1 ) and then by my lab - half the genome - from the 5' 
end (Ramsingh et al. 1992 2 ). The latter sequence is also in GenBank, Accession #S39291 (see: 

)m!i3BB! ^^ The SeqUCnCe diffCTenCeS betWCen 

viruses arc discussed below. 

4. ry^ 9 ft h ft rR4-P designation: I was giver, the JVB strain of CB4 by a colleague, 
R. Diebel, at the Wadsworth Center in 1989 and "renamed it CB4-P" to stand for the prototype CB4 
virus which was intended to distinguish it from its virulent variant, CB4-V. Thus CB4-P is JVB, 
despite the fact that the sequences are not identical, as explained below. A paper by my group 
published in 1989 3 was the first to describe what wc now call "CB4-P." This paper states at p. 349 
that Coxsackic B4 (JVB) was kindly provided by R. Diebel (Wadsworth Center) On p. 350, it 
states that the prototypical CB4 (JVB) is designated CB4-P. The (-P) designation distinguishes this 
virus from a virulent one designated CB4-V. CB4-P was not to be distinguished from JVB - rather I 
considered it the sa me and merely renamed it. 

5. Random Variation/Snontaneou * Mutation in Viruses: As virus populations arc 
propagated, they inexorably accumulate random mutations and begin to diverge somewhat from the 
"parental" sequcne:. RNA virus populations are constantly changing due to the lack of editing 
function in the enr/me that replicates their genes, RMA-dependent RNA polymerase. Thus, RNA 
virus populations are "plastic" and this plasticity leads to the ongoing generation of genetic variants 
within a strain. See Declaration of Steven Tracy (submitted concurrently). Many of these 
mutations are neutral either because they do not result in amino acid changes, or. if they do, the 
change does not affect function so there is no selection for or against them. The net result is that if 
the original deposi:ed JVB virus from the 1950's bad been sequenced and compared to the JVB 
virus that the ATCC would have sent out in 1987 or 1 992 or 2004 under the same ATCC #, some 
changes in nucleotide, as well as in amino acid, sequence would have been inevitable as a result of 



1 Jenkins ct al. 1987. "The complete nucleotide sequence of eowackievinus B4 and it* comparison to other members of the 
picomaviridae."V. Gen. Virol. 68: 1835- 1848) 

1 Ramsingh et al. 1 992. ' Identification of candidate sequence.! that determine virulence in Coxsackievirus 134." Virus Res 23:2% I -292 

5 Ramsingh st al. 1 989. "Severity of disease induced by a pancreatropic Cox.wckie B4 virus correlates with the H-2Kq locus of the 
major histocompatibility comptex. VnvsRu 74:347-358 
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growing the virus (in the ATCC lab or tbe recipient's lab). Such virus, if stored and then retested 
(sequenced) years later (even under the same strain designation) would have those few mutations 
generated during the previous rounds of cultivation. This fully explains the nucleotide sequence 
differences between JVB in the virus population of Jenkins ct al. (supra) and CB4-P (Ramsingh et 
al., 1992, supra). Unless the environment in which the virus was passaged had been radically 
changed (different cell types, temperatures, multiplicities-of-infection, etc.), one would expect to 
find a virus (in 200*. for example, but derived from the much earlier ATCC deposit) to be very, 
closely related, with, only a small number of changes in the sequence. The virus population at these 
two points in time would be considered the same virus (=tbe same viral strain). 

6. S ^ce Differences: The two sequences for the .TVB/CB4-P virus were found to 
be ever so slightly different. Again, this variability arose from random mutation during passage. 

(A) A comparison of tbe amino acid sequences of several picornaviruses (the class to which 
coxsackievi-uses belong) performed by Jenkins et al. (supra) showed that the PI region 
encoding tbe viral polyprotein (and, through it, the four viral capsid proteins) was the most 
divergent. Comparison of the PI regions of two distinct serotypes of the Coxsackie group 
B viruses, CB3 and CB4, showed 77.9% nucleotide sequence identity. CB4 and CB3 are 
different virus populations (despite the high degree of sequence identity). 

(B) A comparison of the sequences of the PI regions of the JVB virus reported by Jenkins et at. 
(supra) and the CB4-P virus (also JVB), reported by Ramsingh et al., 1992, supra, reveals 
99.8% at the nucleotide level and 99.6% at the amino acid level. Therefore, CB4-P and the 
JVB are essentially the same virus population. In a stretch of almost 3300 nt's, that includes 
the PI region - the most divergent/variable part of the viral genome - there were only 9 total 
nucleotide substitutions (4 non-coding and 5 coding regions). Two of tbe coding region 
mutations were silent whereas the other 3 resulted in amino acid substitutions which did not 
affect viral function (and bear no relationship to the site of, or nature of, the genetic 
manipulations of the present invention). This variation is exceedingly small so that two such 
sequences would never be considered "heterologous". 
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If I were to fully sequence nucleic acid of the CB4-P vims stock I have stored in my lab now (with 
or without further propagation), there would likely be some random variation in sequence from the 
same virus that we sequenced in 1992. It would still be the same virus (or a genetic equivalent). 
The reasons for this were explained above. It is my practice to always verify the sequence of the 
relevant region of the virus (where heterologous DNA is to be inserted) when preparing a new virus 
batch. Those skilled in the art would do the same, thereby confirming that they have the same virus. 

7. The current Office Action states that CB4-P is "required to practice the claimed 
invention" which I understand to mean that the invention cannot be practiced by another person 
unless that person is handed the CB4-P virus that I used. This leads the Patent Office to conclude 
that the application does not adequately support such use without a Patent Deposit of this virus. 
This statement and conclusion is not accurate for several reasons. 

(A) Between the application and the publicly available sequence information, including that in 
Jenkins et al. supra; Ramsingh et aL, 1992, supra and Caggana et al. t 1993, (which is part 
of record of this case and cited in the present Office Action), a person of ordinary skill in the 
field can routinely make, test (verify) and use the genetically engineered virions (or nucleic 
acid molecules) of the claims - that comprise an exogenous, foreign, heterologous 
nucleotide sequence inserted in the indicated sites of the PI region of the viral genome. The 
person can start with any CB4 virus that is described in the application or known in the field, 
and if desired, can modify the viral nucleic acid sequence to make it match up perfectly with 
the CB4-P virus that I described in the application and whose sequence I reported years 
earlier. However, importantly, as would be appreciated by a person of skill in this field, 
there is no -eason the starting virus would have to match up perfectly over its entire genome. 
It just needs to have the correct sequences at the sites used to introduce the heterologous 
nucleic acid, and that is described in detail in the specification. 

(B) Technologically speaking, any virus that is a genetic equivalent of CB4-P could readily be 
used to practice the claimed invention. The point of genetic equivalence is important 
beoause we: are dealing here with RNA viruses. As noted in Section 5, above, and in the 
accompanying Tracy Declaration, RNA virus populations are constantly changing. CB4-P 
is one genetic variant of the JVB strain of CB4. Genetic variants of a strain arc genetically 
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equivalent viruses because they share a high degree of sequence identity. As an example, 
the nucleotide sequence of the most divergent region of the viral genome, PI, of CB4-P (as 
reported in Ramsingh et al. 1992, supra ) and that of JVB (as reported in Jenkins et al. 
supra) shows 99.8% sequence identity while the amino acid sequences are 99.6% identical. 

8. The specification teaches insertion of heterologous nucleic acids into the genome of 
CB4 using CB4-P as but a convenient example. The salient point for appreciating the scope of the 
invention is the genetic equivalence and not the phenotypic equivalence {i.e., virulent vs. less 
virulent or avimlent) because genetically equivalent viruses can be easily manipulated by those 
skilled in this field, as described in the specification, to allow insertions of heterologous nucleic 
acids. The deposited JVB strain of CB4 (ATCC # VR-184) is genetically equivalent to CB4-P. 
Any CB4 virus, including the deposited JVB strain, can be used to practice the claimed invention. 
The specification goes into the functional similarity between CB4-P and JVB on page 6, lines 13- 
15; and the equivalency of CB4-P and JVB on page 14, lines 8-15 

One example of such in attenuated B4 coxsackievirus is J.V.B^Benschoten) • ^J*?™ 
number 184 (referred to herein as JVB). The prototype v.rus CB4-P « W^^* JVB 
and is hiuhly similar to JVB in nucleotide and amino acid sequence. Because of thu strong 

JVB v,rus is expected to perform as an equivalent to CB4-P m the generatton and 
use of the viral vector described herein. 

9. To conclude, the CB4 virus - - the starting material for the claimed recombin- 
ant coxsackievirus B4 virions 4 which are engineered to contain an inserted heterologous 
nucleic acid that encodes a heterologous polypeptide fused to a capsid protein of the virion 
- - is publicly available. Also available, in the form of published papers, GenBank 
sequences and the present application, is; all the information needed to make and use the 
claimed virions and nucleic acid composition. On that basis, the Patent Office's position 
that people in the field would not be enabled to practice the invention fully is in error and 
the requirement that a patent deposit of 'CB4-P" virus be made is unnecessary. 



* and for the claimed nucleic acid molecules 
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10. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to by true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 



Date Arlene I. Ramsingb 
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The Complete Nucleotide Sequence of Coxsackievirus B4 and Its 
Comparison to Other Members of the Picornaviridae 

Bv OWEN JENKINS,'* JOHN D. BOOTH,' PHILIP D. MINOR* AND 

JEFFREY W. ALMOND' 

* Department of Microbiology, University of Reading, tendon Road *^*™ 5A $ a f 
^National Institute for Biological Standards and Control, Holly Hill, London NW3 6RB, U.K. 

(Accepted 30 March 1987) 

SUMMARY 

The genome of the prototype strain of coxsackievirus B4 (J.V.B. Benschoten) has 
been cloned in Escherichia coli and its complete nucleotide sequence determined 
Excluding the poly(A) tract, the RNA genome is 7395 nucleotides in length and 
appears to encode a single polyprotein of 21 83 amino acids The predicted ammo acid 
sequence of the polyprotein shows close homology (88%) to that of the previously 
sequenced coxsackievirus B3 and to certain regions of the polyproteins of the 
polioviruses and human rhinovirus 14. This allows identification of putative 
polyprotein cleavage signals, antigenic domains and other structural features likely to 
be important to the biological integrity of the virus. 



INTRODUCTION 

Coxsackieviruses are members of the enterovirus genus of the family pi ^ a yiridae_They 
are divided into 23 group A serotypes (CA1 to CA22, CA24) and six group B serotypes (CB1 to 
CB6) This antigenicity diverse group of viruses has a limited host range, but exhibits a broad 
spectrum of tissue tropism within the natural host and is associated with a correspondingly large 
variety of clinical illnesses, ranging from mild respiratory infections to severe myocarditis and 
neurological disorders (Grist et at, 1978; Melnick, 1985). The group B coxsackieviruses and 
especially CB4 are of particular interest in that they have been associated with type 1 juvenile 
onset or insulin-dependent diabetes mellitus (Yoon et al., 1979; King et al., 1983; Barret- 
Connor 1985 • Frisk et al., 1985). The molecular basis of the tissue tropism of these viruses is not 
well understood, although there is some evidence to suggest that for the picornaviruses generally 
a major determinant is the affinity of the viruses for a specific cellular receptor on the surface of 
the target cell (see Crowell et al., 1981). 

Knowledge of the primary structure and genetic organization of picornaviruses has increased 
dramatically in recent years, and this has provided insights into the mechanisms of replication 
(Kitamura et al., 1981), genetic relationships (Stanway et al., 1984a), evolution (Toyoda et al 
1984), antigenicity (Minor et al., 1983, 1986) and pathogenicity (Stanway et al., 19846; Cann et 
al 1984;LaMonica«fl/., 1986; Evans et al., 1985). All picornaviruses share common structural 
features, namely an approximately 30 nm capsid of icosahedral symmetry made up of 60 copies 
each of four virus-coded proteins (VP1 to VP4) enclosing a single-stranded, positive-sense RNA 
genome of approximately 7500 nucleotides. The RNA is polyadenylated at its 3 terminus and 
has a small protein, VPg, covalently attached to the 5' terminus. The primary translation 
product of picornavirus RNA is a single large polyprotein which is processed by virus-encoded 
proteases to yield the mature viral proteins (for a review, see Rueckert 1985). 

Recently the complete nucleotide sequence of CB3 (strain Nancy) has been determined 
(Lindberg et al., 1987), providing detailed information on coxsackievirus genome organization 
and allowing a comparison at the nucleotide level with other members of the Picornaviridae. 

As part of a study into the molecular basis of serotype diversity, pathogenicity and tissue 
tropisms of these viruses, we have determined the complete nucleotide sequence of the genome 
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of the prototype strain of CB4 (J.V.B. Benschoten). We provide a detailed comparison of this 
sequence with that of the closely related CB3 and with those of other members of the 
Picornaviridae. The high degree of similarity to poliovirus (PV) type 1 and rhinovirus 14 
(HRV14) also allows interpretation of the predicted amino acid sequence data in relation to the 
three-dimensional structures recently determined for these two viruses (Hogle et al., 1985; 
Rossmann et a/., 1985). 

METHODS 

Virus and cells. Coxsackievirus B4 (strain J.V.B. Benschoten) (Dalldorf, 1950) was obtained from the American 
Type Culture Collection. The virus was propagated in HEp-2c cells and purified on sucrose gradients as previously 
described (Minor, 1980). 

Molecular cloning and nucleotide sequencing. Purified viral RNA (approximately 2 ug) was reverse-transcribed 
and cloned into Escherichia coli JA221 by the cDNA:RNA hybrid method (Cann et aL y 1983; Stanway et < 
1984c) using vector pBR322. Of the recombinants obtained, approximately 1000 were screened by hybridization 
using 3'-enriched and randomly primed CB4 cDNA probes (Cann et at., 1983). Plasmid DNA isolated from 
strongly hybridizing colonies was further characterized by restriction enzyme mapping and by cross- 
hybridization. A set of five overlapping clones were selected which together spanned the genome (data not shown). 
The sequences of cDN A inserts were determined by the dideoxynucleotide method after generation of random 
fragments and cloning into M13mp8 as previously described (Stanway et al, 19846). This method was used to 
obtain the nucleotide sequence of the majority of the genome. The sequence of the remainder was obtained after 
cloning specific restriction fragments into Ml3mpl8 or mp!9. The whole of the sequence was determined at least 
twice and approximately 75% of it was obtained in both orientations. Throughout its assembly the sequence was 
compared to those of other enteroviruses and this provided a useful check on possible frameshift sequencing 
errors. Where significant differences were observed these were checked in the opposite orientation. The sequence 
data were assembled and analysed using published computer programs (Staden, 1980). 



* RESULTS AND DISCUSSION 

The complete nucleotide sequence and predicted amino acid sequence of CB4 (strain J.V.B. 
Benschoten) are shown in Fig. 1. The genome is highly homologous to those of other 
enteroviruses, suggesting that it has a similar genetic organization. Thus, the genome comprises 
a 5' non-coding region of 743 nucleotides, a single open reading frame of 6552 nucleotides (2184 % 
codons) and a 3' non-coding region of 100 nucleotides prior to a poly(A) tract. Hence the total 
size of the CB4 genome excluding the poly(A) tract is 7395 nucleotides (compared with CB3, 
7396; PV1, 7433; PV3, 7432; HRV14, 7208 nucleotides) and it has the % base composition A, 
28-30; G, 24*84; C, 22-91 ; T, 23-95. 

5' non-coding region 

By analogy with the polioviruses, the 5' terminal 743 nucleotides of the CB4 genome are 
assumed to be non-coding (Kitamura et a/., 1981). There are, however, seven potential 
translation start codons prior to that which initiates the large open reading frame at position 744. 
Four of these are quickly followed by stop codons. Those at positions 272 and 463 are followed by 
open reading frames of 66 codons and 1 10 codons respectively. The latter AUG is also present in \ 
CB3 and PV3 but the size of the reading frame is not conserved, being terminated after 76 amino 
acids at position 686 in CB3 and after 44 amino acids at position 593 in PV3. These similarities ] 
may be fortuitous though it is likely that they relate to sequence-dependent functions other than j 
translation. It is considered unlikely that any of these short open reading frames are translated j 
since the corresponding peptides have not been found in PV-infected cells. Furthermore, none 
of the AUGs have flanking nucleotide sequences favoured by eukaryotic ribosomes for the 
initiation of protein synthesis (Kozak, 1986). 

The 5' non-coding regions of CB4, CB3, PV1, PV3 and HRV14 can be aligned by taking into 
account several small deletions or insertions to give remarkable sequence homology (Table 1, 
Fig. 2). The first 10 nucleotides are identical in all these viruses. This conservation of sequence . 
may be important for interactions with proteins involved in the replication of the viral RNA>; 
(Lindberg et a/., 1987; Hewlett & Florkiewicz, 1980; Toyoda et al., 1984). Other regions ofl 
pronounced conservation include nucleotide positions 66 to 85, 446 to 472 and 547 to 567 and . 
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TTAAAACAGCCTCTCGGTTGTACCCACCCACAGGGCCCAATC 

CTTCGCAACTTACAACCAAAGAAACAATGCTCAATTACTGACGCAGCAACCCACCTGTGTTTTGGCCAACTACTTCTGTCTCCCCGGACTGAGTATCAAT 
110 130 150 170 190 

iAGCTCCTTGCCCGGCTGAACCACAAACCGT?CCTTACCCGGCCAACTACTTCGAGAAGCCTAGTAACGCCATGAACCTTCAGGACTGTTTCGCTCAGCA 
210 230 250 270 290 



American 
previously 



CTTCCCCCGTCTAGTTCAGCTCGATCAGTCACCCCGTTCCCCACCr^TCACCGTCGCCCTGGCTGCCTTCCCGCCCTCCCTGTGGGCCAACCCCCACGAC 
310 330 350 370 390 



GCTCTGATACACACATGGTGTCAACAGCCTATTGAGCTAGTTCGTAGTCCTCCCGCCCCTCAATGCGCCTAATCCTAACTGC.CGAGCACACCTTCGCAAG 
410 430 450 470 490 

CCAGCCACTGGTCTGTCGTAACGGCCAACTC^ 

5 10 530 550 570 590 

ATTGAAAGATTCTTACCATATACCTATTGCATTCGCCATCCACTCTCAAA 

610 630 650 670 690 



VP4 ^ ^-v ^ 

V C{A ; 0 V S 7 0 K T G A H E T © L (S) 
A^TAAAACTCTT^ATT^CATATTGAGACTCAATACCATAAAATCCCAGCACACCTGTCAACACAAAAGACACnGCCACACGAGACTTGTTTCAG' 
' * 730 750 770 ni 

A 



A 

;gcgcc 



710 



790 



k d a a s t; r a ! rqdktodp©kf 

JcTCCAAACTCCATTATTCATTACACCAACATAAACTATTACAAGGATGCTCC^ 

— R50 B70 p 90 



810 



830 



VP4 I VP2 — 
T F P V K D G) V I K S L F A L H f S P T V K F C G Y S D R (v) R S I 

tcacagaaccgctaaagga^catgataaactccctgccaccgctcaattccccgactctagaggactccgcatatagccacacaTttacatcaataac 



910 



930 



950 



990 



jCflS-ITTCKCANVVVCYGVVPDY 
ACTCGCCAACTCCACTATAACCACACAAGAGTCTGCAAACCTCRTGGTnGGCTATCCCC-CTCGCCCGATTA' 

io 7 »o 105 °^\ 107 ° 



I © D © 
7CTTAGCGACCA 



1010 



E A T A E 
AACACGCAACAGCCCAA 

1090 



DQPTQPDVA 
CACCACCCCACCCAACC7CATC7CCCAACCTGTA 
1110 1130 



T r R K Y " LjQ-^ V © W ©©© S©CWWWK®PD 
ACGTGTA f C m ^TACACGTf^TTC^TGAAArr,G^CATGCAr:TCAGCGGGGTCGTGCTCGAAGTTCCCA^ 

130* H50 1170 1190 



a i. s G I. F C 0 H K C Y H Y L C E , 

A?GCAT?GTCAGAATTCf:GGC?C7TTGCCCACAATATGCAATATCACTACCVACr.CAGA' 
121C 1230 1250 



© C Y T © 

iatcajoctacacaT? 1 



HVOCKASKF 
TCATGTCCAATCCAACCCATCCAAATT 

1290 



HrCCLLVVCVFKAF. 
CCACCAACCT?r.TC m CCTTGTCCTCTCTCTCCCTGAGCCTCAC 
1310 1330 



t c c ©©0© © p ©00® L © G G © 11 

lATCCGATGWrnWA^AAACTCACCOreCWTOTG^TTTCTC 



1350 



1370 



1390 



T A K 
ACAGCAAAG" 
1410 



w^tttcIaa^c^ 

(10 U30 1450 



t; AC M • G V C V C H L T I 
7GCAATGCCCGTATGCCTCTGGGCCTTCGTAACTTGACTA 
1470 1490 



R p it n v i 11 l ? ? 1: n s a t 1 v :• p Y © n n v i k r u k p R h b 

^CCC^CACCAATGCA^AAT^AACAACAAACAATAOTGLXACrATAnTGATGCCATAC^TAATACCGTCCCAATCCACAACATGTTCACCCATAA 
' 1510 15^0 1550 1570 1590 



N ® T L ! ' © I 

"aacTttacattaatcTtaat 
1610 



P F 
'ACCCT 



"TCCACCG 



I, D Y (V 
T.TTGGACTAC 



1630 



„ « ®0(s 
650 



Y© 

'tacTt 



■<v) 

CACTT 



P I T V T (V) A P H © A 
ATGAGC 



lTCCCTATCACAGTCACACTTCCCCCTATGAGCGCT 
1 670 1 690 



.NClRLACHOTCLP?r©'-PCS©CFL?SDDFQSPS 
CAnTACAATGC'^TGCG^C'ACC'GGTCATCAACCC^ACCAACTA'-GCTTACACCAr.CCAGCACCCACTTTTTCACCTCACATCATTrrCAATCACCAT 
1710 " l710 - 1750 1770 1790 
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cacctatcccacagtotcatctcaccccacacatcTacattccacgg^aagtcacca. 

1810 1830 1850 



LMEIAF. VDSVVP tt)Q0 
iCCAACCTCATCCAAATTCCGGAACTTGATTCTGTGCTACCAATCAA 
1870 1890 



actoa^aktXItctcitcaci 



1910 



M E A Y 

:CGATGGAGCCTTAl 
1930 



®0® V R S ©@®® G © 0 (T) F G 
CT&GGT^GGTTACCTCt^flfAC^ 



1950 



1970 



F P L 0 P 
ATTTGGCTTCCCCTTACACCCA 
1990 



! (a) s s v ©® Rtllgfilnyythvsgs®kltf®fcgs 

IGGrcATCAAGCCTcYrmAAGAACACTACTGCCACAGATATTAAATTACTACACT 



2010 



2030 



2050 



2070 



2090 



AMATCKFLLAYSP®GAGAP (5)® R ®0 A M L G T H V 
OTGCAATCGCAACTCGCAAATTCTTACTAGCATACTCACCA^TGCACCAGGGCCACCA^C^ 

2110 2130 2150 2170 2190 



® V 
TCATATG 



DVC LOSSCVLC(v)pVISQTHYRYV 
GGACCTTGGACTGCAATCCACCTGTCTGCTCTGTGTACCCTCGATCACCCACACCCACTACACGTATG 

2210 2230 2250 2270 



©® D ©© T A ® G F 

ttgttcatgacaagtacacggctXgtggtttc 



2290 



I 0 C W Y 0 T H ®® VPA0AO0SCYIHCFVSACHDFSVH 
ATTTCGTCCTCGTACCAAACTAATCTC^AGTCCCAGCT^ 

2310 2330 2350 2370 2390 



VP3 I VP1 

L ® T> T©F I®C®N F@ CTC P©E@®®©®A© 
GTTCTCCGACACGTAATTCATTAAGCArtCA^ 

2410 2430 2450 2470 



_CPVADT_ 
CACCAATCGGCAGAGTTGCAGACACGAT 
2490 



CGAT 



®® C P®H S E © I P A L i' A®F 7 C II ?SQV®P®DT K Q T R 
^CMCGGCCCA^CAACTCTCAGCAAA7CCCAGC':C?GACAGCTGTGGAGACTCGACATACTTCCCAGGTGCATCCAAGTCACACCATCCAAACAAGA 
2510 2530 2550 2570 2590 



HV©NYHSRSEP©I R V F L C K S A 
CATGTCCATAACTACCACTCCAGATCACAATCATCTATACAAAACTTCCr.TGCAGATCTCCT' 
2610 2630 2650 



C V ©©©©©©(f)© E ©© 
TTCCGTAATTTATATAAAATACTCCWTGCTGAATCAA 



2670 



2690 



QT)(L) K P Y A F. V V ©©© R 0 © 
AC^OTGAAGCGCTATCCGCAOTGCr.T^C^.CACAAOnCAGr.TC;! 
2710 2730 

1 C, * 



L T F I V ITS 
GCTTACCTTTCTCATTACCAGCl 
2810 



AOI,PFK©F.©FTY_ 
GC7CAACTA.-.CGCCAA4CA7CCAAA7CTTCACTTATA' 
2750 2770 



© R © D © 
TATTCGGTGCCACATI 



E 

TCGA 



2790 



1 



© 0 ®© S T ®© H ® D ©©©© 
C^TCAG^r^GTCCACC^CACTAACTCAGATGTTCCACTGCA 



2P30 



2£50 



!! Q I P Y V P P G G 
ACACACACCAAATAATGTACCTCCCACCTGGCGGC 
2R70 2890 



r v p ©© v ©© y v w o ? r 7 v p r © f v r t c :i a p p r v. s i p f 

CCTCTACCA^G7CACTCAACGACTACGTGTCGCAAACA?CCACCAACCCCAGCATCT7TTGGACACAGGGCAATCCACCACCAACGATGTCCATACCGT 
2910 2930 2950 2970 2990 



© 

TCATC 



S I G t." A Y ©© F Y D C W S © F S F © G © Y C © N ® L E K N G T 
TCTTCAGTATTG0CAATCC7TACACCA7GTTT7ATGACGCCTCC7CAAACTTCTCCACACACCGCATA7ATGGATATAATTCATTAAACAACATCGGCAC 
3010 3030 3050 3C70 3090 



® Y A R H V r: @© S © C ©©© S T I R I Y F X P K II V K A ©© P R 
CA7ATATCCGCCCCATC ?7AA7GAT7CTACCCCACGCGGAC7GArCAr,CACCA7CCGCATC7ACTTCAAACCCAAACACCTCAAAGCATATGTGCCACGC 
3M0 3130 3150 3170 3190 



P P R 1, C 0 Y 
CCCCCCCC7TTC7C7CAATA(T 
3210 



© y- 

lCaaga 



a k0v i! F0000V T®©R®r 

AACCCAA0AGTn?GAAC7TTuATCTT^AC7rcCC?TACAr^ 
3230 3250 3270 




©©©©© V Y ® C V ® Y 0 V V N R t,H © 
CACATCAAYCA(ftCCCCC7GTA7CTGCGCTAT7A^ 



3310 



3330 



7350 



A T ©© rWC!!CVWE®YN 
7GGCCACCCACCTGGA7TGCCAAAATTCCCTGTGCGAGCATTATAA 
3370 3390 
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rdllvs'tttahccd©iarcocttgvyfcask0k 
tagacaccttctagtgagtactaccacgccccacccctc^ 

3410 3430 3450 3470 \ 3490 



0 P 

:acagcca 



H YP©SFECPCLVEVOESEYYP©RYQSHVLLA©CF 

cactaccca^tacctttgaaccaccagctttggtcgaagtccaagaaagtgaatattacccaaaaacataccactctcatgtgttccttcctacacggt 

3510 3530 3550 3570 3590 



SF PCDCCC I I, RCFHGV I g'(l)vTMCGFGVVG FAD0 
TCTCCGAACCAGGACATTGCGGTGGAATTC?CACGTCCGAACACGGCGTCATCGGTCTTCTCACCATGCGTGGTGAAGGCGTGGTTGGTTTCGCCGATCT 
3610 3630 3650 3670 3690 



P2-A I F2-B 

rdllwleddahe q?g vkdyveqlgnafgsgfthq 
ccctcacctgttctggttggaacatcatgcaatcgaacacggagtgaaagattaccttgagcaacttggtaatgcttttcgctcaccattcaccaaccac 

3710 3730 3750 3770 3790 



ICEQVNLLKESLVGQ DSILF. KSLKALVKIISALV 

atatgcgagcacgttaacctcctaaaagaatcactagtacgtcaggactcaatcttccagaagtcactcaaagccctagttaagatcatctctgccctgc 

3810 3830 3850 3670 3890 



D T © 
CACACGAT 



IVVFHHDPLITVTATLALICCTSSPWRVLK0KV 
TGATTCTAGTAAGGAATCATCATCACCTGATCACACTTACAGCTACACTCCCCCTTATTCGCTCCACCTCGTCTCCGTGGCGATGGCTTAAGCACAAGGT 
3910 3930 3950 3970 3990 

P2-B I P2-C 

SOYYG I P K (J) E R Off: N © U L K K FTEMTKA CKGHFW I 
GTCCCAATATTACGGAATACCCATGGCTGAACGCCAGAACAACGCGTGGCTAAAGAAATTTACAGAGATGACTAACGCATGCAAAGGGATGCACTGGATA 
4010 4030 4050 4070 4090 



T R 
AAACAAGA 



AVKIOKFIEWLKVKILPEV0FKHEFL0RLKOLPL 
CCCGTCAAGATTCAGAAATTTATAGAATGCCTCAAGGTTAAGATTTTCCCAGAAGTCMGGAAAAGCATCAATTCCTAACTACACTCAAACAGCTCCCAC 
4110 4130 4150 4170 4190 



LESQIATIECSAPSOSDOEOLFSHVQYFAHYCR 
TCrrCGAGACTCACATTGCCACCATTCAACAAACTCCAC^CTCTCAAACTGACCAGGAACAGCTGTTCTCAAATCTCCACTACTTCGCTCACTATTGCAC 
4210 4230 4250 4270 4290 



D (M) E 
:CACATGGA 



KYAPLYAAF. AKRVF?LFKKKf;TIYIOFKSKCHIE 
AAAGTACCCACCCCTCTACGCTCCACAACCCAACAGGGTCTTTTCCCTTGAAAAAAAAATCACCAATTACATACACTTCAAGTCCAAATGCCCTATTGAA 
431O 4^30 4?50 4370 4390 



3 G G 
;CTGGCCGC 



PVCLLLHG S P C A C K S V A T >! I. ICRS!. AEKLKSSVY 
CCTGTATGCTTGCT??TGCATCG?AGCCCAGGACCCCGGAAGTCAGTTr.CTACCAACTTAAT?CCGCGGTCATTACCTGAAAAGTTAAACAGTTCAGTGT 
4410 4430 4450 447C 4490 



S L P P D P D H F V G Y K C 0 A V V I 'A D D L C © K P D G K D V S 
ACTCCTTACCACCACACCCAGACCATTTCGATCCCTACAAACAACAACCCr.TCGTAATTATGGACr.ATCTATGCCAAAACCCGCATGGCAAGGACGTCTC 
4510 4530 4550 4570 4590 

LFCOKVSSVrFVPPMAAI-KEKGILFTSPFVLAS 
TTTGTTCTGCCAAATGGTGTCTACTGTAGACTTTGTACCACCAATGGC7GCACTGGAGCAAAAAGCTATCTTGTTCACCTCCCCTTTTGTCCTGGCCTCA 
4610 4630 4650 467C 4690 

TNAGSItiAPTVSPSRALARRFHFDKIilEVISHYS 
ACCAATGCTGGGTCCATCAACCCGCCCACAGTCTCAGACAGCCGGCCTC7GGCAAG AAGGTTCCATTTTCACATCAATATTGAAGTTATCTCCATGTACA 
4710 4730 4750 4770 4790 



VPi|P2-A 

)®(D© 

IGCCXCTATG 



0 n c k i r: r p k 

CCCACAATCCCAACATCAACATGCCCA7CTCAC^CAACACC7C I 
4810 4830 



SVKTCD©ECCPV NFK®CCPLV CCK 
TCAG^CAACACGTCTCAmACACTGTTCCCCAGTCAATTTCAACAGATCCTCCCCTCTAGTGTGTGCAAA 



4850 



4870 



4B90 



© Y » 
iGGATTATAA 



A I 0 F I P R © 7 Q V F. Y f- L D V. I, V T K Y. ¥ R E Y I! K R H S V C 
KCTA7CCAGT7TATCGATAGAAAGACTCAACTGAGCTACTCCCTAGA7ATGCTAGTCACGGAGATGTT7AGCGAATACAACCACAGGCACAGTCTCGCG 
4910 4930 4950 4970 4990 
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P?-C I P3-A ^ _ ^ 

<T) * i. 61 a t. f o t c p p v y p f: Q ;: i s v © p e r p p p p © i a l l l 

NfcGACCCmACCCGCTAT^CCAAOnCCCrxCAC^ 

y>iO 5030 5050 5070 5090 

K VDr»K/(T)REYCKEKCWLVPF:i(D)S@LQIEKHVS 
TCAACTCACTCCArAGrCA'ICC^AWCACACTACTGTA^ 

5110 5130 5150 5170 5190 

P3-A I VPg 

r A F I P L 0 A L 7 T F V ?. © A C I I Y I I Y K L ¥ A C F Q T C A Y 
T AGACCATTTATCT0CCTCCAAnCACTGACAACT?TCCTCTCTCTCCCCCCAATTAT7TATATCATTTACAAACTCTTTGCACCCTTCCAGGCTGCATAT 
5210 5230 5250 5270 5290 

VPc I Proteose (P3-C). 

TG<K)FH'-KP©VP?L--OAKVotcPAFEFAVAMKKRNS 
ACCGGGATGCCTAACCAAAAACCTAAAGTCCCTACACTAACrXAGGCTAAACTGCACGCTCCCCCTTTTCACTTCGCTCTCGCCATGATGAAGAGGAACT 
5310 5330 5350 5370 5390 

STVKTFYCEFTKI. CIYDRVAVLPRHAKPGPTIL 
CCACTACGGTGAAAACAGACTATGGCGAGTTCACCAVGTTACGCATCTATCACAGGTCCCCTGTCCTACCACGCCACCCTAAACCCGGGCCGACTATTCT 
54 io 5430 5450 5470 5490 

t W D rRVnVLPAKRL©D(H)pr. TKLFI, TLL@LHRHE 
TA m CAA^CACCAGGAGG?rC0TCT^CTGCA^GnCAACCAArTmACACT(CAGA7CCTACAAATCTnGAGC?CACACTACTGTAACTCAACCCGAATGA 
5510 5530 5550 5570 5590 

K F © n I © G F © A K K r . V K V K K A V L A I V. 7 S X F P H H Y I P 
AAATTCACGCACATCAG rCGTTTTC* AGGCAA0CAGGAAG7GGAG0T7AA7GAACCTC7CC7AGCAA7CAACACTACCAAATTTCCAAACATGTACATCC 
5610 5630 5650 5670 5690 

v c(r)v m (o)y c n, n l c ? ? : n r l yhfptracqcg 

CCCTA«CCTCCGTCACJ^CTATCCCTTCCTAAACCTAGCTCCTACTCCCACAAACACAATCCTC 

5710 5730 5750 5770 5790 

c V I M S * G K V L 0 I I" V G G V 0 H C C F S A A L L K H © F II D 
CGCTGTTC^CATCTCCAC^CGrAAGCTGC^AnCG ATCCACG?Tr.G7GGGAA^GC7CACCAGCGTT7CTCAGCAGC"C7CC77AAGCACTACTTTAATCAT 
5P10 5*30 5*50 5B70 5890 

rrotensc (Polymerase (P3-P) _ ^ /rjv 

F 0 f C E I ^ >• I V. :• S K © A 0 F P V T r T : S ® T K L E P S V F H ftp 

CAGCACGGGCACA^CCAGT7CA Tn GAAAGC"CCAAA^^Gr A0G7 TT CCCAC7CATCA ATACACwAAGTTgAACTAACCTAGAACCAACCGTCTTCCATC 
5910 * '* 5930 * r -950 5970 5990 

V F (?) C f: K E P A V L V © G T P * I K © !' F E F A I F © K Y I C N 
ACGTGT^T^AGGAAACAAGG AACCAGCAGTCr^CAGC^CGGGCACCCGCGCCTT/.AAGTCAACTTTCACGAGCCTATATTT^CAAATACATACCAAA 
' 601" 6030 WO 6070 6090 

v », * v V P F Y f 1, v A V D •■: Y A G 0 I A 7 1. D I © T F P V K L E 
CCTCAAr.ACACATGTCGACCAC7ACA7^ACAACCTGTO 



6110 



6i?o G150 6170 6190 



Ii A CD Y G * V G I, E A L r L 7 7 S * C Y P Y V A I, G I K K E D I L S 
GA7GCA^GTACGr,rACCGAAGGGCTAGAGGC7C77GA77T/A0AACAAG7GCGCGG7ACCCATA7CTTGCA77ACCCAT7AAGAACAGGCACATCCTAT 



p. 

CAT»*,«^... ""eSc*" " 6250 6270 6290 



K K * K D L t i; L K E © E K Y C L !' L F " V T © V :■ D E L R S © 
CC AAAAA^ ACCAA ACACC^GArrAAA^7GAAGG A/^ t ^A^CCAGAAG r ACGCA7 T AAAC77GCCGA7CGTGA'JATACC7GAACGA?GAGCT 
" 6?10 6330 6350 6370 6390 

E y V A '< G E F R L I * A S R L N D P V A n P. C T F G f! L Y K ® F 
AGAGAAGG^GCCAA AGGCAAA7C7ACAC7CA77GAA.G;;A7CGAGC77CAACCAC7C7G77Gr/;A7GACrCAAACATTTGCTAA7TTGTACAACA?CATTC 
6 4 io 6430 6450 6^70 6490 



HLNPC©V7G5AVCCPrr0FWSKIPVI.iLDCHLIAF 
CACTTAAACCCGCCG^TGTAACnG0CAC7rXAG-CCG:TGCCA7CCAGACG777TC^C0AG7AAAATACCTCTGATGC7AGACGGACACCTTATACCCT 
6510 6530 6550 6570 6590 
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orou 6670 6690 



I 



OU 6750 6770 6790 

? 6850 6070 6690 

' ?u 6 950 6970 6990 



fu:>u 7 °50 7070 709c 



7t 50 7170 7ton 



7270 7290 



ACACAATT^AAACAATTTAAATTn^C7TAACCC?ACTCCACTAACCCAACTAGATAA'C0GT0CACTACGCCTAAAT?CTCCCCCTTCCCTCCCC - Poly A 
°* 75 V 7370 7390 

« v n T n e com P let f " ucleotide sequence and predicted amino acid sequence of the polyprotein of CB4 
(J.V.B Benschoten). Ammo ac.d differences from the previously sequenced CB3 (Nancy), are circled 
Predicted polyprotein cleavage sites are arrowed. 

Table 1. Nucleotide sequence homologies between the non-coding regions of CB4 and four other 

picornaviruses* 

CB4:CB3 CB4.PV1 CB4:PV3 CB4 HRV14 

5' non-coding 84-4 71-4 711 62 8 

3 non-coding 93-8 591 59. 1 45 . 2 

. 'w.To','! 0 , 6 h ^ m °'°J ieS are ex P ressed as Percentages. Details of the other virus sequences taken from Lindbera 
HRV1 ' K,tamUra " U981) f0f PV1> Stanwa y e,aL (,984 « ht PV3 and Sta„way"/flA oSor 

these correspond to those previously described as highly conserved between HRV14 and PV3 
Stonway et al., 1984a). It has been suggested that these conserved sequences may be important 
tor RNA secondary structure which is necessary for an, as yet, unspecified function in 
pl.cat.on (Tracy et al., 1985; Toyoda * al., 1984; Newton et al., 1985). Of interest in th* 
respect is a region from nucleotides 10 to 34 which in the poxviruses has the potential to form a 
stable stem-loop secondary structure (Larsen et al., 1981; Stanway et al., 1983) In the 

tem'C" 8 ? g, ° n ' CB4 '! We " COnSCrved in primar y sea - uence but can form a similar 
!S7m? ? truc ! ure com P° se d of exactly the same number of GC and AT base pairs. This stem- 
ddetSn 'iiw m7 f un ^ionalimportance in replication since it has been shown for PV2 that 
senlSl l^n ( destabl,,zes the structure ) lead * to a mutant virus with a temperature- 

wrmiX? a H yPC ' mUtaU ° n aPPCarS 10 aff6Ct the rate of P rotein ^thesis at both 
perm.ss.ve and non-permissive temperatures (Racaniello & Meriam, 1987). Interestingly the 
correspondmg reg.ons ,n HRV.4 and HRV2 do not appear to form such structures Tad l y 
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Fig. 2. Comparison between the 5' non-coding regions of CB4 (J.V.B. Benschoten), CB3 (Nancy), PV1 
(Mahoney), PV3 (P3/Leon/37) and HRV14. Vertical bars represent conserved nucleotides. Nucleotide 
numbers (Fig. 1) are indicated. 



Table 2. Proposed proteolytic cleavage sites in the polyproteins of five picornaviruses* 



Boundary 


CB4 


CB3 


PVlf 


PV3 


HRVI4 


VP4/VP2 


N/S 


N/S 


N/S 


N/S 


N/S 


VP2/VP3 


Q/G 


Q/G 


Q/G 


Q/G 


Q/G 


VP3/VP1 


Q/G 


Q/G 


Q/G 


Q/G 


Q/T? 










Q/T? 












E/G? 


VP1/P2-A 


Y/G 


Q/S? 


Y/G 


Y/G 


Y/G? 






I/R? 






Y/G? 






Y/R? 












Q/N? 








P2-A/P2-B 


Q/G 


Q/G 


Q/G 


Q/G 


Q/G 


P2-B/P2-C 


Q/N 


Y/G? 


Q/G 


Q/G 


Q/A 






Q/N? 








P2-C/P3-A 


Q/G 


Q/G 


Q/G 


Q/G 


Q/G 


P3-A/VPg 


Q/G 


Q/G 


Q/G 


Q/G 


Q/G 


VPg/protease (P3-C) 


Q/G 


Q/G 


Q/G 


Q/G 


Q/G 


Protease/polymerase (P3-D) 


Q/G 


Q/G 


Q/G 


Q/G 


Q/G 



* Details taken from Tracy et al. (1985) and Lindberg el al. (1987) for CB3, Stanway et ai (1984A) for PV3 and 
Stanway et ai (1984a) for HRV14. 

t Cleavage sites in PV1 were determined by amino acid sequencing (Larsen et al., 1982; Pallansch et a/., 1984). 



suggesting that the function is not indispensable. The hundred or so nucleotides prior to the 
initiation of translation of the polyprotein, as in the polio viruses, are poorly conserved and it is 
unlikely that this region has any functional significance, although it has been suggested that it 
may play a role in the conservation of the length of the 5' non-coding region (Toyoda et ai, 1984). 
This idea does not hold for the rhinoviruses, however, where the region appears to have been 
completely deleted. 

Translated region 

Translation of the CB4 RN A probably initiates at nucleotide 744. The initiation codon at this 
position forms part of the sequence AAAAUGG, which is an almost optimal translation 
initiation sequence for eukaryotic ribosomes (Kozak, 1986). In this frame, there are no 
termination codons until nucleotide 7293. The region therefore can encode a polyprotein of 2183 
amino acids, consistent with the known replication strategy of the picornaviruses (see Rueckert, 
1985). The amino acid homology between the predicted proteins of CB4 and those of CB3, PV1, 
PV3 and HRV14 are shown in Table 3 and represented diagrammatically in Fig. 3. The 
homology with PV1, for which a detailed genetic map has been determined biochemically 
(Pallansch et ai, 1984; Kuhn & Wimmer, 1987) facilitates the identification of the sites in the 
CB4 polyprotein at which the virus-encoded proteases are likely to act. These are presented in 
Table 2 together with the assumed cleavage sites of CB3, PV3, HRV14, and the determined 
cleavage sites of PV1 . With the exception of that at the P2-B/P2-C junction all of the cleavage 
sites in PV1 are conserved in CB4 and are therefore likely to be utilized. To identify the likely 
cleavage site between P2-B and P2-C, a comparison with CB3 is helpful. Lindberg et al (1987) 
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Table 3. Amino acid sequence homology between the proteins of CB4 and four other 

picornaviruses* 



Protein 


CB4:CB3 


CB4:PV1 


CB4:PV3 


CB4:HRV14 


VP4 


94-2 


69-6 


71-0 


60-8 


VP2 


80-5 


560 


56-3 


54-6 


VP3 


78-2 


55-9 


55-9 


46-8 


VP1 


71-2 


47-3 


446 


35-7 


Total PI 


77-9 


54-4 


54 1 


47-9 


P2-A 


91-2 


57-8 


59 1 


44-4 


P2-B 


97-9 


505 


51-5 


55-7 


P2-C 


97-6 


62-6 


62-9 


58-7 


P3-A 


92-1 


47-1 


50-6 


48-2 


VPg 


90-9 


77-3 


72-7 


40-9 


Protease (P3-C) 


950 


60-7 


60-6 


52-7 


Polymerase (P3-D) 


95-2 


740 


73-9 


65-9 



•Sequence homologies are expressed as percentages. Details taken from Lindberg et ai (1987) for CB3, 
Kitamura et al. (1981) for PV1, Stanway et ai (1984ft) for PV3 and Stanway et ai (1984a) for HRV14. 



have proposed that in CB3 this cleavage occurs either at a tyrosine-glycine pair or a glutamine- 
asparagine pair which by alignment correspond to those in CB4 at nucleotide positions 401 3 and 
4037 respectively (Fig. 1, Table 2). In PV1 this cleavage occurs at a glutamine-glycine pair 
which by alignment corresponds exactly to the glutamine-asparagine pair in CB4. The amino 
acid sequence following this site is highly conserved between CB4, CB3 and PV1, whereas the 
amino acid sequence around the tyrosine-glycine pair (although conserved between CB4 and 
CB3) shows no homology to the corresponding region in the polioviruses. Moreover glutamine- 
asparagine has been shown by amino acid sequencing to be a cleavage site in HRV2 (Skern et 
al, 1985). We conclude therefore that the glutamine-asparagine pair probably functions as the 
cleavage site for P2-B/P2-C in both CB3 and CB4. 

Of interest also is the P1/P2 cleavage site occurring between a tyrosine and glycine residue in 
HRV14, and all serotypes of poliovirus (Table 2). The sequence comparisons indicate that this 
site is conserved in CB4 and is therefore likely to be used, but that it is not present in CB3 (Fig. 1 , 
Table 2). Four alternative sites have been proposed for the corresponding cleavage in CB3 
(Tracy et ai, 1985; Lindberg et ai, 1987) (Table 2). Unfortunately the two coxsackieviruses are 
very different in this region and the CB4 sequence does not therefore help to distinguish between 
the four possibilities for cleavage in CB3. 

Cleavage of the poliovirus precursor polypeptide VP0 to give VP4 and VP2 occurs at an 
asparagine-serine amino acid pair and is thought to be an autocatalytic event (Hogle et ai, 
1985). This site is also conserved at an equivalent position in the C-B4 polyprotein (nucleotide 
Position 950) and is likely therefore to function in a similar manner (Fig. 1). 

Verification of these proposed polyprotein processing sites in CB4 would, of course, require 
N- and C-terminal protein sequence analysis of infected cell and virus structural polypeptides. 
However, the high degree of homology to the other enteroviruses in these regions of the 
Nyprotein provides persuasive evidence that the cleavage sites identified in Table 2 for CB4 
ar e correct. The sizes of the predicted CB4 proteins are summarized in- Table 4. 

Structural proteins 

The Pi region of the polyprotein forms the precursor to the four structural proteins VP1 to 

p 4. As expected, and in common with the rhinoviruses and most other enteroviruses, VP4 is 
th e most conserved of the capsid proteins. In PV1 and HRV14, VP4 is not exposed on the outer 
Su rface of the virion (Hogle et ai, 1985; Rossmann et ai, 1985) and does not contribute to 
antigenic domains important in virus neutralization (Minor et ai, 1986). This protein is 

before unlikely to be subjected to immune selection pressure. In the three other structural 
Proteins, VP1, VP2 and VP3, there are regions that are highly conserved, interspersed with 
pgions of substantial divergence (Fig. 3). Regions of highest homology are those likely to be of 

Portance in maintaining the stable secondary structure of the capsid proteins and these 
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Table 4. CB4 proteins and their sizes* 



Protein 


Number of amino acids 


Mol. wt. (x 10- 3 ) 


VP4 


69 


7-49 


VP2 


261 


28-56 


VP3 


238 


26-43 


VP1 


284 


31 98 


P2-A 


147 


16-22 


P2-B 


99 


10-96 


P2-C 


329 


37-27 


P3-A 


89 


9-96 


VPg 


22 


2*41 


Protease (P3-C) 


183 


20-33 


Polymerase (P3-D) 


462 


52-53 


Total polyprotein 


2183 


243-96 



* Based on the cleavage sites proposed in Table 2. 



correspond, by alignment with PV1, to a-helices and ^-sheets in the three-dimensional structure 
(Hogle et al., 1985). By contrast, the regions which show least homology correspond to the more 
flexible loop-out or random coil secondary structures, some of which are known to be antigenic 
determinants in polioviruses and rhinoviruses (Minor et a/., 1986 ; Rossmann et al, 1985 ; Skern 
etal., 1987; Sherry & Rueckert, 1985; Fig. 3). Thus it is likely that in CB4 the amino acids 76 to 
87 in VP 1, 158 to 164 in VP2 and 58 to 60 and 70 to 71 in VP3 are antigenically important. 
Although other amino acids are also likely to contribute to antigenicity, the imprecision of the 
alignment in these regions of random coil makes their identification less reliable. 

Nonstructural proteins 

The P2 region is the part of the polyprotein most highly conserved between the two 
coxsackieviruses B3 and B4. There are only two amino acid differences beween them in the P2-B 
protein and only eight differences in the P2-C protein (Fig. 1, Table 3). The functions of both of 
these proteins are unknown, but there is evidence that P2-C forms part of the membrane-bound 
replication complex (Takegami et al., 1983). Mutations conferring guanidine resistance in PV1 
have also been mapped to this protein (Pincus et al % 1986). P2-A has been shown to function as a 
protease responsible for cleavage of the polyprotein at tyrosine-glycine cleavage sites (Toyoda et 
u/ M 1986). As discussed above, the amino acid pair tyrosine-glycine is present at the P1/P2 
junction in CB4, PV1, PV3 and HRV14 (Table 2) but is not present in CB3. It is therefore 
interesting to note that P2-A of CB4 is substantially more homologous to the P2-A of CB3 (91 %) 
even though their substrates are different, than to those of the other viruses (less than 60%) in 
which the substrate cleavage site is the same. 

The P3 region is processed to give P3-AB (which is subsequently processed to provide VPg), a 
protease (P3-C) and an RNA-dependent RNA polymerase (P3-D). The VPgs of coxsackie- 
viruses Bl, B3 and B5 have been compared at the amino acid level (Lindberg et al, 1987). The 
VPg sequence of CB4 differs from those of CB1 and CBS by only one amino acid, and differs 
from the CB3 sequence by two. These changes are conservative. As is the case in all 
enteroviruses both the protease (P3-C) and polymerase (P3-D) of coxsackieviruses are highly 
conserved (Fig. 1, Table 3), the polymerase being the most highly conserved protein of those 
specified by picornavirus genomes (Table 3; Argos et al, 1984). 

5' non-coding region 

The translation of the polyprotein is terminated at position 7293 by the sequence UAA which 
is followed by a non-coding region of 100 nucleotides prior to the poly(A) tract (Fig. 1). This 
region is very highly conserved between CB4 and CB3 (94%, Table 1 ) and also between the three 
serotypes of polioviruses (98%, Toyoda et al., 1984) but among the enteroviruses and 
rhinoviruses as a whole it is far less well conserved than the 5' non-coding region. The function of 
this 3' non-coding region in picornaviruses has not yet been determined, although it is likely to 
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Fig. 4. {a) Alignment of the 3' non-coding regions of CB4 (J.V.B. Benschoten), CB3 (Nancy) and PV3 
(P3/Leon/37). Conserved nucleotides are shown in uppercase, (b) Predicted RNA secondary stem-loop 
structure of this region. Conserved nucleotides underlined in (a) form part of the stem. 



be involved in the control of genome replication (Fellner, 1979). The conserved blocks of { 
nucleotides reported previously following comparisons of CB3, PV1 and swine vesicular disease • 
virus (Stalhandske et a/., 1984) are also present in CB4 (Fig. 4). A number of different stem-loop ( 
secondary structures can be compiled for this region (Ryan, 1985) in which the conserved blocks I 
of nucleotides form part of the stem. Occasionally sequence divergence within the stem is I 
observed (e.g. in enterovirus 70; M. Ryan, unpublished), but base pairing is always maintained \ 
by compensatory mutations across the stem. It has been shown that the insertion of an eight j 
nucleotide linker at position 7387 in the 3' non-coding region of PV1 gives rise to a virus with a " 
temperature-sensitive phenotype suggesting that the structure of the region has some essential I 
function. The temperature-sensitive phenotype may result from destabilization of the secondary \ 
structure at the restrictive temperature (Sarnow et al, 1986). It is interesting that HRV14 and f 
HRV2 have much smaller 3' non-coding regions than the enteroviruses. The conserved block of i 
nucleotides closest to the poly(A) tract (Fig. 4) is deleted and it is therefore unlikely that the ' 
rhinoviruses are able to form similar secondary RNA structures. The significance of this \ 
observation is unclear, but it is interesting to note the parallel with the 5' non-coding region as ; 
discussed above where the loop formed by nucleotides 10 to 34 is also missing in the i 
rhinoviruses. These features may be consistent differences between the rhinoviruses and / 
enteroviruses (Stan way et a/., 1984a). 
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Sequence of coxsackievirus B4 lg47 

It is clear that CB4 is very closely related to CB3 and to other members of the enterovirus 
genus. This high level of homology, particularly with the better studied members of the 
Picornaviridae such as PV1 and HRV14, allows a comprehensive interpretation of the sequence 
to be made. Thus, polyprotein cleavage signals can be confidently located and likely antigenic 
domains tentatively identified. These comparisons are useful in that they also indicate regions of 
| sequence difference which must ultimately determine the characteristic biological properties 
which differ between picornaviruses. The possibility to manipulate these regions via site- 
directed mutagenesis of cloned cDNA provides an experimental approach to understanding the 
molecular basis of picornavirus diversity. Such experiments are in progress. 

, This work was supported by the Medical Research Council, project grant number G 106/253. 
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Summary 

We have previously shown that a major determinant of virulence for coxsack- 
ievirus B4 mapped to the 5' end of the viral genome. Comparison of the 
corresponding cDNA sequences of a virulent and a non-virulent virus has allowed 
the identification of candidate determinants of virulence in the 5' untranslated 
region and the capsid proteins VP1, VP2 and VP4. Thirteen nucleotide substitu- 
tions were observed in a region spanning 3298 nucleotides. Four mutations were 
detected in the non-coding region. Of the remaining nine mutations, four were 
silent while five resulted in amino acid substitutions in VP1, VP2 and VP4. The 
amino acid substitutions in the virulent virus were analyzed in relation to the 
three-dimensional structures of the capsid proteins of poliovirus. Two substitutions 
mapped to the amino termini of VP1 and VP4. Of the two substitutions observed 
in VP2, one mapped to the large loop that connects beta strand E with the radial 
helix on the back surface of the eight-stranded antiparallel beta barrel while the 
other mapped to beta strand G. One amino acid substitution in VP1 mapped to 
the loop connecting beta strands D and E at a site close to a major determinant of 
attenuation in poliovirus type 2. 

Coxsackievirus B4; Virulence; DNA sequence 



Correspondence to: A. Ramsingh, Wadsworth Center for Laboratories and Research New York State 
Department of Health Empire State Plaza, P.O. Box 509 Albany, NY 12201-0509 



282 



A great deal of information exists about the biochemical, biophysical and 
genetic characteristics of picornaviruses. However, the mechanisms by which these 
RNA viruses cause disease are poorly understood. Coxsackieviruses of the B group 
have been implicated in diseases such as pancreatitis, myocarditis, myositis and 
type I insulin-dependent diabetes mellitus (Grist et al., 1978; Melnick, 1985). Of 
the group B viruses, variants exist within a single serotype thereby contributing to 
the variability in the pathogenesis of coxsackievirus infections. We have previously 
described a variant of coxsackievirus B4 (CB4-V) that induces acute pancreatitis 
with concurrent hypoglycemia in mice (Ramsingh et al., 1989). The prototypical 
JVB strain (CB4-P), at similar titers, was non-virulent since infected mice did not 
develop disease. 

A powerful tool in the investigation of the genetic basis of virulence of 
picornaviruses has been the use of recombinant, chimeric viruses constructed from 
infectious cDNA clones of virulent and non-virulent viruses (Kohara et al., 1988; 
Murray et al., 1988). Using this approach, we showed that, for coxsackievirus B4, a 
major determinant of virulence maps to the 5' end of the genome, which encom- 
passes the 5' untranslated region (UTR) and the PI region, which encodes the 
four capsid proteins (Ramsingh et al., 1990). Attenuation determinants for po- 
liovirus have also been mapped to this region. Sequence analyses have identified 
two such determinants in the type 3 vaccine strain, P3/Sabin, and include a 
uridine at position 472 in the 5' UTR and a phenylalanine at amino acid 91 of the 
capsid protein VP3 (Westrop et al., 1987; Minor et al., 1989). Similar studies using 
the type 1 vaccine strain have identified a strong attenuation determinant in the 5' 
UTR, which corresponds to a guanine at position 480, although additional deter- 
minants are scattered throughout the genome (Kohara et al., 1985; Nomoto et al., 
1987). Recent studies have identified two major determinants of attenuation in 
type 2 poliovirus (Ren et al., 1991; Equestre et al., 1991). These map to nucleotide 
481 in the 5' UTR and amino acid position 143 of the capsid protein VP1. For 
another picornavirus, Theiler's murine encephalomyelitis virus (TMEV), amino 
acid 101 of VP1 has been identified as an important determinant of neurovirulence 
(Zurbriggen et al., 1991). 

In this report, comparison of the sequence data for the 5' UTR and the PI 
regions of a virulent and a non-virulent coxsackievirus B4 has allowed the identifi- 
cation of candidate determinants of virulence in the 5' UTR and the capsid 
proteins VP1, VP2 and VP4. The capsid protein VP3 did not appear to contribute 
to the virulent phenotype. In addition, one amino acid substitution in VP1 mapped 
to a region very close to a major determinant of attenuation in poliovirus type 2. 

The prototypical, non-virulent coxsackievirus B4 (strain JVB), herein designated 
CB4-P, was kindly provided by R. Deibel (Wadsworth Center for Laboratories and 
Research, New York State Department of Health, Albany, NY). The origin and 
passage history of a virulent, pancreatropic variant of coxsackievirus B4 (CB4-V) 
has been previously described (Ramsingh et al., 1989). Viruses were grown in 
LLC-MK2(D) cells and viral infectivity was determined using a plaque assay or a 
microtiter TCID 50 assay (Minor, 1985). Using RNA extracted from purified 
preparations of either CB4-P or CB4-V, cDNA libraries were prepared as previ- 
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ously described (Ramsingh et al., 1990). This procedure generated several clones 
that spanned 95% of the viral genome. To clone the extreme 5' end of the viral 
RNA, the technique of polymerase chain reaction (PCR) (Saiki et al., 1986) was 
used as previously described (Ramsingh et al., 1990). Briefly, oligonucleotide 
primers derived from the sequence of Jenkins et al. (1987) were used to amplify 
the 3' end of the cDNA product that was synthesized by reverse transcription of 
viral RNA. The cDNA corresponding to bases 1 to 1153 of the viral RNA was 
amplified. An Xba\ site was added to the 5'-end primer while an inherent EcoRl 
site was used for the 3 '-end primer. The amplified products were subcloned into 
the phagemid pBSKSM13 + (Stratagene). The sequences of the cDNA inserts 
were determined by the dideoxy chain-termination method (Sanger et al., 1977) 
using coxsackievirus-specific primers and Sequenase (U.S. Biochemical). The cDNA 
inserts were sequenced in both the forward and reverse orientations. Sequence 
data for the 5' UTR and the PI regions of both CB4-V and CB4-P were assembled 
and analyzed using the Wisconsin GCG Sequence Analysis Software Package 
(Devereux et al., 1984). Sequence differences between CB4-V and CB4-P were 
confirmed by RNA sequencing. RNA was sequenced directly by a modification of 
the dideoxy chain-termination method (Sanger et al., 1977) using virus-specific 
primers and reverse transcriptase (Life Sciences, St. Petersburg, FL). 

Comparison of the cDNA sequence of the 5' UTR and the PI region of CB4-V 
with that of CB4-P revealed a total of 13 mutations, all of which consisted of 
nucleotide substitutions (Fig. 1). Four substitutions were detected in the 5' UTR at 
positions 171, 638, 668 and 683. Of the nine mutations in the coding region for the 
capsid proteins, four were silent (Table 1). The remaining five mutations occurred 
in all three codon positions and resulted in amino acid substitutions in the VP1, 
VP2 and VP4 capsid proteins. Although a point mutation at nucleotide position 
2240 in VP3 was noted, this change was silent. The VP1 and VP2 capsid proteins 
each contained two mutations while the VP4 protein contained one amino acid 
substitution. In CB4-V, amino acids 20 (Arg 20 ) and 129 (Thr 129 ) of VP1 were 
different to that of CB4-P (Ser 20 , Met 129 ). For VP2 of CB4-V, amino acids 135 
(Ala 135 ) and 201 (Ala 201 ) were altered (CB4-P, Thr 135 , Val 201 ). In VP4 of CB4-V, 
the mutation was at amino acid 16 (Arg 16 ) (CB4-P, Ser 16 ). Of the amino acid 
substitutions, Ala 201 of VP2 (CB4-V) represented a conservative change while the 
remaining substitutions resulted in alterations in hydrophobicity or charge. Ala 135 
of VP2 (CB4-V) is more hydrophobic while Thr 129 of VP1 (CB4-V) is more 
hydrophilic than the corresponding residues in CB4-P. Two mutations, Arg 16 and 
Arg 20 at the amino termini of VP4 and VP1, respectively, resulted in charge 
differences. 

Comparison of our sequence data for CB4-P (strain JVB) with those of another 
sequence of strain JVB by Jenkins et al. (1987), herein referred to as CB4*, 
revealed a total of nine nucleotide substitutions between these two viruses (Fig. 1). 
The mutations probably reflect the different passage histories of the two viruses. 
Four of the substitutions mapped to the 5' UTR at nucleotide positions 136, 137, 
546 and 668. Of the five remaining mutations, two were silent and three resulted in 
amino acid substitutions (Table 1). These three changes mapped to the capsid 
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CB4-V mAAACACCCICTCCGTTQTACCCACCCACATCCCCCAATCCTC^ 

CB4-P 

C14* 

110 ISO 130 170 190 

CB4-V CTTCCCAACmCAACCAAAGAAACAATGCTCAATAGCTO 

CB4-P T 
« 4* TA T 

210 230 230 270 290 

CB4-V AACCTGCTTCCGCCKTGAAGCAOUUCCCrrCCmCCCW 

CB4-P 

CB4* 

310 330 330 370 390 

CB4-V CTTCCCCCCTCTACTTCaC£TCGATCACTCJkC^ 

CB4-P 

CB4* 

410 430 430 470 490 

CB4-V CCTCTC&TACACACATCCTCTCAAGACCCTATTC4CCTACTO 

CB4-P 

CB4* 

510 330 350 370 590 

CB4-V CCACCCACTCCTCTCTCGTAACC€C£AACTCTCCArc^ 
CB4-P 

CB4* C 

610 630 630 670 690 

CB4-V ATTCAAA(UTTCTTACCATATACCTATT«^TTCCCCCTCCACTC 

CB4-P A C T 

CB4* A T 

710 730 750 770 790 

.-H * . . . . 

CB4-V ATCTTAAAACTCTTTATTTCATATTCACACTCAATACCATAAJ^^SGAACACACCTC 

CB4-P T 

C84* C T 

BIO B30 S50 670 890 

CB4-V ACTtXAAACTCAATTATTCATTACACCAACATAAACTATTACAACCATCCTCCTTCAAATTC 
CB4-P 

CB4* C 

910 930 950 970 990 

CB4-V TCACACAACCWTAAAC^TCTC*TCATAAACTCCCTCCCAM 

CB4-P 

CB4* 

Fig. 1. (pp 284-287). Comparison of the cDNA sequences of the 5' untranslated region (nucleotides 
1-743) and the PI region (nucleotides 744-3298) of CB4-V, CB4-P and CB4* (Jenkins et al. t 1987). 
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1010 1030 1030 1070 1090 

CB4-V ACTCCGCAACTCCACTATAACCACACAACACTCTCCAAAC^ 

CB4-P 

CB4* 

1110 1130 1150 1170 1190 



CB4 -V CACCAACCCACCCAACCTCATCTCCCAACCTCTACCTTTTACACCTTCAATTCACTCAAATCCCACATCCACTC 
CB4-P C 
CB4* G 

1210 1230 1250 1270 1290 

CB4.V ATCCATTGTCACAAATGCCCCTCTTTCCCCACAATATt^ACTATCACTACCTAC 
CB4-P a 
CB4* A 

1310 1330 1350 1370 1390 

C84-V CCACCAACCTTCTCTCCTTCTCCTCTCTCTCCCra 

CB4-P A 
CB4* A 

1410 1430 1450 U70 1490 

CB4-V ACACCAAACACTTTCCAACACJUTCCACCCACACCTGAC^ 
CB4-P 

CB4* a 

1510 1530 1550 1570 1590 

C8 4 -V TATACCCTCACCAATCCATTAATTTAACAACAAACAATACTK 

CB4-P T 

CB4* x 

1610 1630 1650 1670 1690 



CB4-V TAACmACATTAATt^TAATACCCTTTCCACCCTTC^ 

CB4-P 

CI 4* 

1710 1730 1750 1770 1790 

CB4-V CACTACAATCCTTTCCCTCTAGCTCCTCATCAACCCT 

CB4-P 

CB4* 

1810 1030 1850 1870 1890 

CB4-V CACCTATGCCACACTTTCATCTtUCCCCACAWTt^CATTCCA 

CB4-P 

C14* 

1910 1930 1950 1970 1990 

CB4 -V TAACTTCAA^CCTAATCTtUTCACCATCGACCCmcra 

C14-P 

CI4* 

Fig. 1 (continued). 
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2010 2030 2050 2070 

CI* -V CCCCCATCAAKCTCmCAAACAACACTACTt^ 
CB4-P 



CB4-V . - M . _ 

" u **^« c ™C«CC TC ff*C C ACC0C C ACUC4CAf y ><^*fiaA rW' T4TCTTACC<UCCC4CCTCATi^ 

CB4-P 
CB4* 

2210 »*> 2230 2270 2290 

CB4-V CCACCTTOCACTCCAATCCA<*ISTCra 

CI4-P . 



*"0 2mo 2370 



2390 



CB4-V ATTTCCTCCTOCTICCAAACTAATCTCATACTCCCACCTCAAW^CAAA 
CB4-P 

CB4* 

2410 «30 2430 2470 2490 

C14-V CCATCTTCACCCACACCCAATTCArTAACCAAACAAACTTTTATCACCCACC^ 

CB4-P 

CI 4* 

»» 2350 2570 2590 

CB4-V *^<^CCAia^CTClWCAAA1CCCA«^ 

CB4-P A 

CB4* 

2610 2630 



" 30 W30 2*70 2690 

CATCTCCATAACTACCACTCCAWH^ 

CB4-P 



CB4-V 
CB4-] 
CB4* 



CB4-V ^CCTCAACCCCTATW^CTTO^^ 

CB4-P 

CB4* 

2810 2830 "30 2B70 2890 

TAATCTACCTCCCACCTCCCCCC 



CB4-V ^TTACCTTOTCAmCCACCCATCACWCACCTCCAW^ 



T 



CB4-P 

CI 4* T 
2910 2930 

CB4-V CCTCTACCUACCTtaCTCAAC^CTACCTCTC^ 



CB4.P 



2930 2970 

CCACCAACCATCTCCA TACCCT 



Fig. 1 (continued). 
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1010 10)0 3030 J070 3090 

C14-V TCATCACTATTC<XA1TCCTTACACCATCTTTTATWCCCCTCCTCAAACTTC 

cu-t 

C14* 

3110 3130 3150 3170 3190 

C14-7 CATATATCCGCWCATCTTAATX^TTCTArcCCACCCGGACra 

C14-P 

CI 4* 

3210 3230 3230 3270 3290 

CS4-V CCCCCCCCTTTCTCTCAATATAAGAAACCCAACACTCTCAACTTTCATCTTCACCC 
CI4-P C 
C14* C 

Fig. 1 (continued). 

proteins VP4, VP2 and VP1. Again, although a point mutation was observed in 
VP3 at nucleotide position 2240, this change was silent. CB4-P contained Thr 3 
(VP4), GIu 163 (VP2) and Ser 20 (VP1) while the JVB strain sequenced by Jenkins et 
al. (1987) had Ala 3 (VP4), Lys 163 (VP2) and Arg 20 (VP1). 



TABLE 1 



Summary of sequence data for the 5'UTR and the PI regions of CB4-V, CB4-P and CB4* 



Sequenced 
nucleotide 


Genome 
region 


Nucleotide 






Amino acid 






Position 


CB4-P 


CB4-V 


CB4* 


Position 


CB4-P 


CB4-V 


CB4* 


1-743 


5'UTR 


136 


A 


A 


T • 














137 


G 


G 


A - 














171 a 


T 


C 


T 














546 


C 


C 


G - 














638 a 


A 


G 


A 














668 b 


C 


T 


T 














683 a 


T 


A 


T 










744-949 


VP4 


750 


A 


A 


G ♦ 


3 


Thr 


Thr 


Ala 






791 a 


T 


A 


T 


16 


Ser 


Arg 


Ser 






812 


A 


A 


G * 


23 


Ser 


Ser 


Ser 


950-1732 


VP2 


1106 


G 


A 


G 


52 


Gly 


Gly 


Gly 






1241 


A 


G 


A 


97 


Gly 


Gly 


Gly 






1353 a 


A 


G 


A 


135 


Thr 


Ala 


Thr 






1437 


G 


G 


A - 


163 


Glu 


Glu 


Lys 






1552 5 


T 


C 


T 


201 


Val 


Ala 


Val 


1733-2446 


VP3 


2240 


T 


G 


G ♦ 


169 


Pro 


Pro 


Pro 


2447-3298 


VP1 


2505 b 


A 


C 


C * 


20 


Ser 


Arg 


Arg 






2833 a 


T 


C 


T 


129 


Met 


Thr 


Met 






3221 


C 


T 


C 


258 


Tyr 


Tyr 


Tyr 



a Potential determinant of virulence. 

b Common nucleotide between CB4-V and CB4*. 
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CB4-V VP1 
Polio VF1 

CB4-V VP1 
Polio VP1 

CB4-V VP1 
Polio VP1 

CB4-V VP1 
Polio VP1 

CB4-V VP1 
Polio VP1 

CB4-V VP1 
Polio VP1 

CB4-V VP1 
Polio VP1 



*CPT 
CICDMIEGAV 
51 

HTSQVDPSDT 
ATNPLVPSDT 
101 

NLKRYAEWVI 
ASRLFSVWKI 
151. 

DVPVQTHQIM 
HALNQVYQIM 
201 

MSIGNAYTMF 
VCIANAYSHF 
251 

SPCCLTSTIR 
NPTRLTSKIR 
301 

LITTCPY 
CLTTY. . 



EESVERAMCR VADT 

EGITKNALVP PTSTNSLPCH 

MQTRHVHNYH SRSESSIENF 
VQTRHVIQRR TRSESTVESF 

NTRQVAQLRR KMEMFTYIRC 
TYKDTVQLRR KLEFFTYSRF 

YVPPCCPVPT SVNDYVWQTS 
YIPPGAPIPG KWNDYTWQTS 

YDCWSNFS RDCI 

YDGFAKVPLA CQASTEGDSL 

IYFKPKHVKA YVPRPPRLCQ 
VYMKPKHVRV WCPRPPRAVP 



IARGPSNSEQ 
KPSCPAHSKE 

LCRSACV. .1 
FARGACVAII 

DMELTFVITS 
DMEFTFWTS 

TNPSIFWTEC 
SNPSVFYTYG 

YGYNSLNNMC 
YGAASLNDFG 

YKKAKSVNFD 
Y ♦ FCPGVDYK 



50 

IPALTAVETC 
IPALTAVETC 
100 

YIKYSSAESN 
EVDNDAPTKR 
V ;* 150' 
HQETSTATNS 
. .NYIDANNG 
i 200 
NAPPRMSIPF 
APPARISVPY 
250 

T1YARHVNDS 
SLAVRWNDH 
300 

VEAVTAERAS 
• DGLTPLPEK 



CB4-V VP2 
Polio VP2 

CB4-V VP2 
Polio VP2 

CB4-V VP 2 
Polio VP2 

CB4-V VP2 
Polio VP2 

CB4-V VP2 
Polio VP2 

CB4-V VP2 
Polio VP2 



SPTVEECCYS 
SPNIEACCYS 
51 

DQPTQPDVAT 
DQPTEPOVAA 
101 

LGRSGYTIHV 
LGRAGYTVHV 
151 

PAYGDLCGGE 
EKGCEFKGSF 
201 

NLRTNNSATI 
NLRTNNCATL 
251 

ITVTVAPMSA 
ITLTIAPMCC 



DRVRSITLCN STITTQECAN 
DRVMQLTLCN STZTTQEAAN 

CRFYTLNSVK WEMQSACWWW 
CRFYTLDTVT VRKESRCWWW 

QCNASKFHQG CLLWCVPEA 
QCNAFKFHQG ALGVFAVPEM 

TAKSFEQNAA TGETAVQTAV 
T...LDTNAT NPARNFCPVD 
* 

AMPYINSVPM DNMFRHNNFT 
VLPYVNSLSI DSMTKHNNWC 
273 

EYNGLRLAGH Q. . 
EFNCLRNITV PRT 



VWCYCVWPD 
SWAYGRWFE 

KFPDALSEMG 
KLPDALKDMG 



EMG 

CLAGDSTTHM 



CNAGMGVGVG 
YLFCSGVLVG 

LHIIPFAPLD 
IAILPLAPLD 



50 

YLSDEEATAE 
YIRDTEAHPV 
100 

LFCQNMQYHY 
LFCQHMFYHY 
* 150 
...CANAENA 
FTKYENANPG 
200 

NLTIYPHQWI 
NAFVYPHQII 
250 

YVTGASSYIP 
FVTESSTEIP 
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There is a high degree of similarity between the predicted amino acid sequences 
of coxsackieviruses and polioviruses. Comparison of the amino acid sequences of 
VP1 and VP2 of CB4-V to that of poliovirus type 2 (P712) (Toyoda et al., 1984) 
revealed sequence identities of 43.6% and 54.9%, respectively. Therefore, the 
amino acid changes observed in CB4-V were analyzed in relation to the three-di- 
mensional structures of the capsid proteins of poliovirus. Alignment of the amino 
acid sequences of VP1 and VP2 of CB4-V with the corresponding capsid proteins 
of poliovirus type 2 (P712) was accomplished with the GCG program PILEUP (Fig. 
2A). Using data from the three-dimensional structure of poliovirus type 1 (Maho- 
ney strain) (Hogle et al., 1985) (permission kindly granted by J. Hogle and the 
AAAS, copyright 19 by the AAAS), this alignment allowed an approximation of 
the region of the molecule where the substituted amino acids in CB4-V mapped 
(Fig. 2B). By this comparison, Thr 129 of VP1 would map to the loop connecting 
beta strands D and E while Arg 20 would map to the amino terminus. Ala 135 of VP2 
would map to the large loop that connects beta strand E with the radial helix on 
the back surface of the eight-stranded antiparallel beta barrel while Ala 201 would 
map to beta strand G. From this alignment, we can predict that Thr 129 (VP1) and 
Ala 135 (VP2) would be on the surface of the virion while Arg 20 (VP1), Ala 201 (VP2) 
and Arg 16 (VP4) would be expected to reside in the interior of the virion. 

Comparison of the cDNA sequences of a virulent coxsackievirus B4 (CB4-V) 
and a non-virulent virus (CB4-P) revealed a total of thirteen point mutations. Four 
mutations occurred in the 5' UTR while nine changes were observed in the PI 
region. Of the nine mutations, five resulted in amino acid substitutions while four 
were silent. Comparison of the cDNA sequences of the 5' UTR and the PI regions 
of the two JVB strains of coxsackievirus B4 (CB4-P and CB4*) revealed nine 
nucleotide substitutions, which probably reflect the different passage histories of 
the two viruses. Four nucleotide changes were observed in the 5' UTR while five 
substitutions were seen in the PI region. Of the five changes, two were silent while 
three resulted in amino acid substitutions. This analysis suggests that CB4-V and 
CB4-P are just as similar as the two JVB strains, CB4-P and CB4*. All of the 
amino acid differences observed in the PI region of the various strains occurred in 
the capsid proteins VP1, VP2 and VP4. 

Of the thirteen point mutations observed between CB4-V and CB4-P, three 
(nucleotide positions 668, 2240 and 2505) were shared between the two JVB strains 
(Table 1). Since the point mutation at position 2240 is silent, these data suggest 
that the candidate determinants of virulence for CB4-V may be narrowed further 
to include three nucleotides in the 5' UTR (171, 638, 683), Arg 16 of VP4, Ala 135 



Fig. 2. Alignment of the capsid proteins VP1 and VP2 of CB4-V to those of poliovirus. (A) Alignment 
of the amino acid sequences of VP1 and VP2 of CB4-V with the corresponding capsid proteins of 
poliovirus type 2 (Toyoda et al., 1984) using the GCG program PILEUP. (B) Ribbon diagrams of VP1 
and VP2 of poliovirus type 1 (Hogle et al., 1985) (permission granted by J. Hogle and the AAAS, 
copyright 19 by the AAAS). *, potential determinant of virulence in CB4-V; arrowhead, determinant of 
attenuation in poliovirus type 2 (Ren et al., 1991; Equestre et al., 1991); arrows, approximation of sites 
that potentially contribute to virulence in CB4-V. 
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and Ala 20 ' of VP2 and Thr 129 of VP1. The capsid protein VP3 apparently does not 
contribute to virulence in coxsackievirus B4 in our system. 

Alignment of the amino acid sequences of VP1 and VP2 of CB4-V with that of 
poliovirus type 2 (P712) allowed an approximation of the regions of the molecules 
where the mutations in CB4-V occurred. Interestingly, amino acid 129 (Thr 129 ) of 
VP1 of CB4-V aligned with amino acid 142 (Tyr 142 ) of VP1 of poliovirus. The 
alignment positions Thr 129 on the loop connecting beta strands D and E. In 
relation to the canyon structure (Rossmann, 1989), the alignment of Thr 129 places 
this residue on the rim of the canyon. Recently, it has been shown that amino acid 
143 in VP1 of poliovirus type 2 is a major determinant of attenuation (Ren et al 
1991; Equestre et al., 1991). Thus, one of the mutations observed in CB4-V 
occurred at a position very close to this site in poliovirus. The DE loop is exposed 
on the external surface of the virion and, in poliovirus, influences both host range 
and immunogenicity (Ren et al., 1991; Wieggers et al., 1989). 

Two mutations in CB4-V, Arg 20 and Arg 16 occurred at the amino termini of 
VP1 and VP4, respectively. These two mutations are expected to be in the interior 
of the virion. The gain of positive charges that they introduce may affect the 
interactions of VP1 and VP4 with the negatively-charged viral genomic RNA For 
VP2 of CB4-V, a mutation (Ala 201 ) was observed in beta strand G, which is also in 
the interior of the virion. However, Ala 201 represents a conservative amino acid 
change and is not expected to affect virulence. The second, non-silent mutation in 
VP2 of CB4-V (Ala 135 ) occurred in the large loop that connects beta strand E with 
the radial helix on the back surface of the barrel and again, this region is predicted 
to be exposed on the surface of the virion, on the rim of the canyon. Of the three 
ammo acid substitutions observed between the two JVB strains, one also maps to 
the large loop in VP2 while the remaining two map towards the amino termini of 
VP1 and VP4. 

Of the four point mutations in the UTR, which comprises a total of 743 
nucleotides, three were clustered towards the 3' end of this region (positions 638, 
668 and 683) while one mutation occurred towards the 5' end (position 171) 
Attenuation determinants have been mapped to the 5' UTR in all three serotypes 
of poliovirus (Equestre et al., 1991; Kohara et al., 1985; Nomoto et al., 1987; Ren 
et al., 1991; Westrop et al., 1987). These determinants cluster in the middle of the 
5' UTR and include nucleotide positions 480, 481 and 472 of poliovirus types 1, 2 
and 3 respectively. Thus, the four point mutations in the 5' UTR of CB4-V occur 
at sites different to those observed for polioviruses. 

For coxsackievirus B4, candidate determinants of virulence have been localized 
to the 5' UTR and the capsid proteins VP1, VP2 and VP4. For the polioviruses, 
determinants of attenuation have been mapped to the 5' UTR and the capsid 
proteins VP1 and VP3 (Equestre et al., 1991; Kohara et al., 1985; Minor et al., 
1989; Nomoto et al., 1987; Ren et al., 1991; Westrop et al., 1987). Of the nine 
potential sites in CB4-V, one (Thr 129 ) maps to the DE loop of VP1, at a position 
close to a major determinant of attenuation in poliovirus type 2 (He 143 ). The 
remaining eight sites in CB4-V do not coincide with any other determinants in 
poliovirus. Should Thr 129 of VP1 be a determinant of virulence in CB4-V then the 
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molecular mechanisms underlying virulence in coxsackieviruses and polioviruses 
may share some common features. 



Acknowledgements 

We thank Drs Duceman .and Masters for critical review of the manuscript, Ivan 
Auger for assistance with the GCG programs and Maryellen Carl for secretarial 
assistance. This work was supported by a grant from the Diabetes Research and 
Education Foundation. 



References 

Devereux, J„ Haeberli, P. and Smithies, O. (1984) A comprehensive set of sequence analysis programs 

for the VAX. Nucleic Acids Res. 12, 387-395. 
Equestre, M, Genovese, D., Cavalieri, R, Fiore, U Santoro, R. and Bercoff, R.P. (1991) Identification 

of a consistent pattern of mutations in neurovirulent variants derived from the Sabin vaccine strain 

of poliovirus type 2. J. Virol. 65, 2707-2710. 
Grist, N.R., Bell, EJ. and Assaad, F. (1978) Enteroviruses in human disease. Prog. Med. Virol. 24, 

114-157. 

Hogle, J.M., Chow, M. and Filman, D.J. (1985) Three-dimensional structure of poliovirus at 2.9 A 

resolution. Science 229, 1358-1365. 
Jenkins, O., Booth, J., Minor, P. and Almond, J. (1987) The complete nucleotide sequence of 

coxsackievirus B4 and its comparison to other members of the Picomaviridae. J. Gen. Virol. 6{t, 

1835-1848. 

Kohara, M., Omata, T., Kameda, A., Semler, B.L., Itoh, H., Wimmer, E. and Nomoto, A. (1985) In 

vitro phenotypic markers of a poliovirus recombinant constructed from infectious cDNA clones of 

the neurovirulent Mahoney strain and the attenuated Sabin 1 strain. J. Virol. 53, 786-792. 
Kohara, M., Shinobu, A., Komatsu, T., Tago, K., Arita, M., and Nomoto, A. (1988) A recombinant virus 

between the Sabin 1 and Sabin 3 vaccine strains for poliovirus as a possible candidate for a new type 

3 poliovirus live vaccine strain. J. Virol. 62, 2828-2835. 
Melnick, J.L. (1985) Enteroviruses: polioviruses, coxsackieviruses, echoviruses, and newer enteroviruses. 

In: B.N. Fields, D.M. Knipe, R.M. Chanock, J.L. Melnick, B. Roizman and R.E. Shope (Eds.), 

Virology, pp. 739-794,Raven, New York. 
Minor, P.D. (1985) Growth, assay and purification of picornaviruses. In B.WJ. Mahy (Ed.) Virology, A 

Practical Approach, pp. 25-41. IRL Press, Oxford, U.K. 
Minor, P.D., Dunn, G„ Evans, D.M.A., Magrath, D.L, John, A., Howlett, J., Phillips, A., Westrop, G., 

Wareham, K., Almond, J.W. and Hogle, J.M. (1989) The temperature sensitivity of the Sabin type 3 

vaccine strain of poliovirus: molecular and structural effects of a mutation in the capsid protein 

VP3. J. Gen. Virol. 70, 1117-1125. 
Murray, M., Kuhn, R., Arita, M., Kawamura, N., Nomoto, A. and Wimmer, E. (1988) Poliovirus type 

1/type 3 antigenic hybrid virus constructed in vitro elicits type 1 and type 3 neutralizing antibodies 

in rabbits and monkeys. Proc. Natl. Acad. Sci. USA 85, 3203-3207. 
Nomoto, A., Kohara, M., Kuge, S., Kawamura, N., Arita, M., Komatsu, T., Abe, S., Semler, B.L., 

Wimmer, E. and Itoh, H. (1987) Study on virulence of poliovirus type 1 using in vitro modified 

viruses. In M.A. Brinton and R.R. Rueckert (Eds.), Positive Strand RNA Viruses, pp. 437-452, Liss, 

New York. 

Ramsingh, A., Hixson, A., Duceman, B. and Slack, J. (1990) Evidence suggesting that virulence maps to 
the PI region of the Coxsackievirus B4 genome. J. Virol. 64, 3078-3081. 



292 



Ramsingh A., Slack, J., Silkworth, J. and Hixson, A. (1989) Severity of disease induced by a 
pancreatropic Coxsackie B4 virus correlates with the H-2K" locus of the major histocompat.b.l.ty 
complex. Virus Res. 14, 347-358. 

Ren, R , Moss, E.G. and Racaniello, V.R. (1991) Identification of two determinants that attenuate 
vaccine related type 2 poliovirus. J. Virol. 65, 1377-1382. 

Rossmann, M.O. (1989) The canyon hypothesis. Hiding the host cell receptor attachment site on a viral 
surface from immune surveillance. J. Biol. Chem. 264, 14587-14590. 

Saiki R Bugawan, T„ Horn, G., Mullis, K. and Erlich, H. (1986) Analysis of enzymawally amplified 
S-globin and HLA-DQo DNA with allele-specific oligonucleotide probes. Nature 324, 163-166. 

Sanger, R, Nicklen, S. and Coulson, A.R. (1977) DNA sequencing with chain-terminating inhibitors. 
Proc. Natl. Acad. Sci. USA 74, 5463-5467. 

Toyoda, H., Kohara, M, Kataoka, Y., Suganuma, T., Omata, T., Imura, N. and Nomoto A. (1984) 
Complete nucleotide sequences of all three poliovirus serotype genomes. Implications for genetic 
relationships, gene function and antigenic determinants. J. Mol. Biol. 174, 561-585. 

Westrop GD, Evans, D.M.A., Minor, P.D., Magrath, D., Sch.ld, G.C. and Almond, J.W. (1987) 
Investigation of the molecular basis of attenuation in the Sabin type 3 vaccine using novel 
recombinant polioviruses constructed from infectious cDNA. In DJ. Rowlands, MA. Mayo and 
B.W.J. Mahy (Eds.), The Molecular Biology of the Positive Strand RNA Viruses, pp. 53-60, Liss, 
New York 

Wiegers, K., Uhlig, H. and Dernick, R. (1989) NAglB of poliovirus type 1: a discontinuous epitope 
formed by two loops of VP1 comprising residues 96-104 and 141-152. Virology 170, 583-586. 

Zurbriggen, A., Thomas, C, Yamada, M., Roos, R. and Fujinami, R. (1991) Direct evidence of a role 
for amino acid 101 of VP-1 in central nervous system disease in Theiler's murine encephalomyelitis 
virus infection. J. Virol. 65, 1929-1937. 



Virus Research, 14 (1989) 347-358 
Elsevier 



347 



VIRUS 00540 

Severity of disease induced by a pancreatropic 
Coxsackie B4 virus correlates with the H-2K q locus 
of the major histocompatibility complex 

Arlene Ramsingh, Jill Slack, Jay Silkworth and Angela Hixson 

Wadsworth Center for Laboratories and Research, New York State Department of Health, 
Albany, NY 12201-0509, U.S.A. 

(Accepted 6 September 1989) 



Summary 

Coxsackie B viruses are known etiological agents of pancreatic diseases, including 
diabetes. The pathogenesis of these infections is influenced by both host and viral 
factors. In this report, we examined whether the outcome of Coxsackie B4 virus 
infection is dependent on the genes within the major histocompatibility complex 
(MHC). We generated a pancreatic variant, CB4-V and established an animal model 
system of pancreatitis with concurrent hypoglycemia in mice. Infection of various 
BIO H-2 congenic strains of mice revealed that the development of hypoglycemia 
with accompanying pancreatitis was independent of the MHC haplotype. However, 
the severity of the disease as monitored by the extent and duration of hypoglycemia 
and by mortality rate was found to be associated with the H-2 haplotype, specifi- 
cally the H-2K q locus. Pancreatic damage induced by CB4-V appeared to be both 
immune-mediated and viral-mediated. Histological examination of pancreatic tissue 
from infected BIO H-2 congenic mice revealed an association between acute 
destruction of the exocrine pancreas and lymphocytic infiltration. This infiltration 
may correlate with immune-mediated destruction of the infected pancreatic tissue. 
Since preferential replication of CB4-V was not observed in the most susceptible 
BIO mouse strain, direct viral destruction may not be the major mechanism of 
pancreatic injury. 

Coxsackie B4; Major histocompatibility complex 
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Introduction 

The association between Coxsackie viruses of the B group and pancreatic diseases 
including diabetes has been recognized for many years (Dalldorf and Gifford, 1952; 
Gamble et al., 1969; Pappenheimer et al., 1951). Initial studies revealed that several 
Coxsackie B viruses caused extensive destruction of pancreatic acinar tissue in mice 
without identifiable changes in the cells of the islets of Langerhans (Dalldorf and 
Gifford, 1952; Pappenheimer et al, 1951). Ross et al. (1974) correlated pathological 
changes produced in the mouse pancreas by Coxsackie B (CB) viruses with serum 
amylase and glucose concentrations. They found that, although CB4 infections were 
less severe than those of CB1, CB3 and CB5, CB4 induced an acinar pancreatitis 
with a transient increase in serum amylase and a transient decrease in glucose levels. 
These results contrasted with those of Lansdowne (1976) who showed that the 
pathogenicity of CB4 closely resembled that seen in animals infected with CB3 and 
was more severe than that associated with CB1 and CB5 infections. In neither study 
were visible changes in the islets of Langerhans observed. Subsequent studies by 
Yoon et al. (1978a, b) and Toniolo et al. (1982) showed that Coxsackie B viruses 
could infect pancreatic £ cells. Furthermore, inoculation of mice with CB4 virus 
that had been passaged in mouse 0 cell cultures resulted in the development of 
diabetes. Yoon et al. (1978b) suggested that most strains of Coxsackie B virus are 
minimally p cell-tropic and that if 0 cells are damaged, the number is usually 
insufficient to produce detectable alterations in glucose metabolism. However, the 
tropism of these viruses for insulin-producing cells can be increased by serial 
passage in $ cell cultures. It appears that diabetogenic variants of Coxsackie B virus 
exist in nature since Yoon et al. (1979) isolated a diabetogenic variant of CB4 from 
a patient with diabetic ketoacidosis. Thus, the different diseases produced by 
Coxsackie B viruses may be due to variants with different tropisms and biologic 
properties within a mixed viral population. 

Genetic factors appear to play a role in determining susceptibility to viral 
infections. Early studies showed that development of encephalomyocarditis (EMC) 
virus-induced diabetes in various inbred strains of mice is genetically determined 
and that susceptibility is inherited as a recessive trait (Ross et al., 1976; Yoon and 
Notkins, 1976). Analysis of the F2 data suggested that more than one gene was 
involved (Ross et al., 1976). Later studies from backcross data implied that 
susceptibility to EMC-induced diabetes was primarily controlled by a single locus 
involving two or more alleles (Onodera et al., 1978). Further work has suggested 
that genetically determined differences in viral receptors on the surface of pan- 
creatic 0 cells may be one of the factors controlling susceptibility to EMC-induced 
diabetes. Susceptibility to CB4-induced diabetes is also genetically determined 
(Yoon et al., 1978b). As is the case in EMC-induced diabetes, only certain inbred 
strains of mice develop diabetes when injected with CB4 virus. Most of the strains 
susceptible to EMC-induced diabetes are also susceptible to CB4-induced diabetes. 
However, the role of the major histocompatibility complex (MHC) in EMC or CB4 
viral infections has not been defined. The present work was undertaken to examine 
the pathogenesis of CB4 virus infections and to specifically address whether 
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susceptibility to a pancreatropic variant of CB4 virus was influenced by the genes 
within the MHC. Since CB4 virus normally infects the acinar cells of the exocrine 
pancreas, these studies were carried out using a pancreatic variant, CB4-V, which 
caused acinar pancreatitis with concurrent hypoglycemia in mice. 

Materials and Methods 

Virus and cells 

~y Coxsackie B4 (JVB) was kindly provided by R. Deibel (Wadsworth Center for 
Laboratories and Research, New York State Department of Health, Albany, NY). A 
Coxsackie B4 isolate that was originally diabetogenic and that was subsequently 
grown in LLC-MK2(D) cells was provided by J.W. Yoon (University of Calgary, 
Alberta, Canada). Large-scale stock preparations of these viruses were prepared in 
either HeLa or LLC-MK2(D) cells. Viral infectivity was determined using a 
microliter TCID 50 assay (Minor, 1985). 

Mice 

SJL mice were obtained from the Jackson Laboratory, Bar Harbor, Maine. 
Breeders of strains B10.Q, B10.S(12 R) and B10.T(6R) and B10.AQR and B10.AKM 
were provided by J. Stimpfling (The McLaughlin Research Institute, Great Falls, 
Montana) and K. Frederick (Washington University, St. Louis, MO), respectively. 
All mice used in these experiments were 4-6-week-oId males and were maintained 3 
per cage. Mice were allowed to eat and drink ad libitum. Mice were injected 
intraperitoneally (IP) with virus diluted in phosphate-buffered saline (PBS). Control 
mice were injected IP with PBS. All injected animals were monitored daily. Animals 
found to be moribund were euthanized immediately by C0 2 overdose and counted 
as fatalities. All animal procedures were in accord with Department of Health, 
Education, and Welfare (DHEW) Publ. No. (NIH) 86-23, "Guide for the Care and 
Use of Laboratory Animals", and had been reviewed and approved by the Wads- 
worth Center Animal Welfare Committee. 

Glucose assay 

Non-fasted mice were bled from the tail vein and serum glucose concentrations 
were determined by the glucose oxidase method (Raabo and Terkildsen, 1960). For 
glucose tolerance tests, blood samples were collected before and 60 min after 
intraperitoneal administration of 2 mg of D-glucose per gram body weight. Mice 
were fasted during the 60 min glucose challenge. 

Histopathology 



At autopsy, the pancreas was removed aseptically and rinsed in sterile PBS. One 
half of the pancreas was fixed in phosphate-buffered formalin and sections were 
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stained by hematoxylin and eosin. The other half was processed for the presence of 
infectious virus. These mice were euthanized by ether overdose. 

Extraction of virus from various organs 

Pancreas, heart, kidney and spleen were removed aseptically and rinsed in sterile 
PBS. After mincing in PBS, cells were broken by homogenization in a Dounce tissue 
grinder. Cell-associated virus was released after 3 cycles of freezing and thawing. 
After a clarifying spin at 5000 X g for 10 min to remove cellular debris, the 
supernate was collected and filtered through a 0.2 juM filter. Homogenates were 
tested for viral infectivity using a microliter TCID 50 assay (Minor, 1985). 



Results 

Coxsackie B4 virus variant induces severe and prolonged hypoglycemia in SJL mice 

The Coxsackie B4 virus, obtained from Dr. Yoon (University of Calgary, Alberta, 
Canada), had initially been passaged 15 times in human pancreatic /? cells and was 
diabetogenic in susceptible mouse strains. Subsequent passages had been carried out 
in LLC-MK2(D) cells. To test whether this virus had retained its diabetogenic 
potential, each of twenty 4-6-week-old male SJL mice was injected intraperitoneal^ 
(IP) with 10 6 3 TCID 50 of virus and serum glucose concentrations were monitored at 
various times post-infection (PI). These animals remained normoglycemic during the 
8 weeks PI (data not shown) suggesting that the diabetogenic variants within this 
mixed viral population were lost by passaging in LLC-MK2(D) cells. To enhance 
the pancreatropic nature of this virus, it was then passaged in mice (via pancreatic 
homogenates) (Ross et al., 1974) a total of 5 times. The resulting virus has been 
designated CB4-variant (CB4-V). 

To determine whether CB4-V differed from the prototypical CB4 (JVB) herein 
designated (CB4-P) virus, SJL mice were injected IP with 10 43 TCID 50 of virus or 
0.2 ml PBS and serum glucose concentrations were determined at various times PI 
(Fig. 1). Mice infected with CB4-P had serum glucose levels similar to that of 
PBS-inoculated control mice. However, all mice infected with CB4-V developed 
severe hypoglycemia (serum glucose 30 mg/dl ± 2 1 as compared to 131 ± 14 for 
PBS-injected controls) within 4 days PL Fifty percent of these animals became 
moribund and were euthanized within 7 days PL The remaining animals exhibited a 
prolonged hypoglycemia. Serum glucose levels of these mice were more than 3 
standard deviations below normal for 5 weeks PI and returned to normal at 8 weeks 
PL During the acute phase which lasted 2 weeks, infected mice had distended 
abdomens and appeared huddled, inactive and weighed 25-30% less than control 
animals. To detect additional abnormalities in glucose metabolism after infection 
with CB4-V, glucose tolerance tests were performed 7 days PL Infected mice cleared 
the glucose load efficiently (data not shown). Thus, the hypoglycemic animals did 
not show abnormal glucose tolerance. 
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CB4- V causes severe acinar pancreatitis in SJL mice 

To correlate histological changes in the pancreas with CB4-V-induced hypo- 
glycemia, tissue from animals infected with 10 4 3 TCID 50 of virus, was harvested at 
various times PI and processed for staining by hematoxylin and eosin (Fig. 2A-C). 
At 4 days PI, degeneration of the exocrine pancreas was observed in SJL mice as a 
generalized degranulation of the acinar cells and partial loss of the number of 
exocrine secretory units. Upon histological examination, the interlobular ducts and 
interstitial connective tissue remained intact. At this time point, the islets of 



Fig. 2. Histopathology of pancreatic tissue from SJL and BIO mice. SJL and BIO mice were infected with 
10 ■ and 10- ' TCID 5l> of CB4-V. respectively. At various times PI. pancreatic tissue was stained with 
hematoxylin and eosin. (A), PBS-injected control SJL; (B), SJL at 4 days PI; (C), SJL at 8 weeks PI: (D), 
B10.T(6R) at 4 days PI: (E), B10.S(12R) at 4 days PI; (F) B10.S(12R) at 8 weeks PL All panels represent 
equal magnification. Arrows indicate islets of Langerhans. 
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WEEKS POST INFECTION 
Fig. 4. Serum glucose levels of various mouse strains after IP inoculation with CB4-V (o o) or with 



PBS (•- 



-•). Groups of 10-15 4-6-week-old male mice were inoculated with 10 2 7 TCID 50 of 



CB4-V and serum glucose concentrations were monitored for 6-8 weeks PI. Infected B10.T(6R) mice 
were moribund within a 2- week interval Groups of 5-10 4-6-week-old male mice were inoculated with 
0.2 ml of PBS and serum glucose concentrations were monitored for 6-8 weeks. (A), B10.Q; (B), 
B10.AQR; (C) ; B10.T(6R); (D), B10.S(12R); (E), B10.AKM; (F) ( SJL. 



mortality rate was 0%. Groups of 5 animals were inoculated with CB4-P or PBS 
while groups of 10-15 animals were inoculated with CB4-V. These experiments were 
repeated a total of 3 times and representative results are shown in Figs. 3 and 4. 
Regardless of strain, mice that were inoculated with either PBS or CB4-P, lived 
during the follow-up eight weeks PL In contrast, the BIO H-2 congenic mouse 
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strains injected with CB4-V fell into either of 2 groups. One group consisting of 
B10.AQR, B10.Q and B10T(6R) exhibited 60-100% mortality rates. The second 
group, consisting of B10.AKM and B10.S(12R), had 0% mortality rates. The severity 
and duration of hypoglycemia in B10.AKM and B10.S(12R) mice was less than that 
observed in B10.AQR, B10.Q and B10.T(6R) mice (Fig. 4, Table 1). Mice in the 
latter group displayed more pronounced shivering, huddling, weight loss and general 
inactivity than mice in the former group (Table 1). To determine whether non-H-2 
genes affected the mortality rate when a low dose of virus was used, CB4-V infected 
B10.S(12R) mice were compared to CB4-V infected SJL mice which have the same 
H-2 haplotype i.e. H-2 S . Infected SJL mice displayed symptoms signs to those of 
infected B10.S(12R) mice and the mortality rate was 0%. Since B10.AQR, B10.Q 
and B10.T(6R) share the K region of H-2, the severity and duration of hypo- 
glycemia observed in CB4-V~infected B10 H-2 congenic mice was associated with 
H-2K q . 

Of the 5 B10 H-2 congenic mouse strains studied, the most susceptible [B10.T(6R)] 
and one of the more resistant [B10.S(12R)] strains were chosen for histological 
examination. Pancreases were harvested from CB4-V-infected 4-6-week-old male 
mice at different times PI and processed for staining by hematoxylin and eosin (Fig. 
2D-F). At 4 days PI, as observed in SJL mice that were infected with a higher titer 
of virus, in both B10 H-2 congenic mouse strains (Fig. 2D, E), there was degranula- 
tion of the acinar cells and loss of the exocrine secretory units. Again, the islets of 
Langerhans did not show any alterations at the light microscopic level. Unlike the 
SJL mice, the B10 mice exhibited lymphocytic infiltration into the areas of the 
exocrine cells. In B10.T(6R) mice, a generalized lymphocytic infiltration that 
appeared to correlate with destruction of the exocrine pancreas was observed (Fig. 
2D). These mice were moribund within 2 weeks PI. For the less susceptible strain, 
B10.S(12R), focal lymphocytic infiltration was observed (Fig. 2E). This infiltration 
again correlated with destruction of the exocrine pancreas since tissue free from 
such infiltrates appeared normal. By 8 weeks PI in the B10.S(12R) mice, foci of 
lymphocytic infiltration were no longer apparent but regions of degenerative exo- 
crine tissue persisted (Fig. 2F). Unlike CB4-V-infected mice, pancreases harvested 
from B10.T(6R) and B10.S(12R) congenic mice infected with 10 27 TCID 50 of the 
prototypical virus (CB4-P) showed only minor changes in the exocrine tissue, such 
as shrunken acinar cells with smaller nuclei; lymphocytic infiltrates were not 
observed (data not shown). 



Isolation of virus from organs of infected mice 



To determine whether CB4 virus replicated differentially in B10.T(6R) and 
B10.S(12R) mice, various organs were harvested from mice infected with 10 27 
TCID 50 of virus at 4 days PI when viral titers were maximal (data not shown). In 
each experiment, organs from 3-4 mice were pooled and homogenates were titered 
for the presence of infectious virus (Table 2). Both CB4-V and CB4-P replicated 
well in B10.T(6R) and B10.S(12R) mice. Viral titers were higher in the pancreas and 
spleen than in the kidney or heart. In both mouse strains, CB4-V replicated 
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TABLE 2 



Virus titers obtained from various organs of infected BIO H-2 congenic mice 



Virus 


Mouse 
strain 


Virus titer a 


(-log 10 TCID 50 


/g tissue) 




Heart 


Kidney 


Spleen 


Pancreas 


CB4-P 


B10.T(6R) 


3.2 


3.9 


7.2 


6.9 




B10.S(12R) 


2.8 


4.0 


5.4 


7.1 


CB4-V 


B10.T(6R) 


3.0 


ND b 


4.7 


6.0 




B10.S(12R) 


3.7 


3.5 


3.9 


5.2 



a Virus titers from 3 independent experiments were determined and were reproducible within a 10-fold 



range. The microtiter TCID 50 assay used in these experiments is accurate to 10 05 (Minor, 1985). 
Representative results of a single experiment are shown in this Table. 
b Not detected. 

maximally in pancreas, which probably reflects the fact that this virus was derived 
by passaging pancreatic homogenates in vivo. 



Discussion 

The pathogenesis of Coxsackie B virus infections is complex and has been shown 
to be influenced by both host factors such as age, sex and strain (Khatib et al., 1980) 
and by intrinsic factors such as virus type and passage history (Toniolo et al, 1982). 
These experiments addressed whether or not infection by CB4 viruses (CB4-P and 
CB4-V) is dependent on MHC haplotype. 

A pancreatropic variant, CB4-V, was generated by passaging virus in mice via 
pancreatic homogenates. In SJL mice, this virus caused a prolonged and severe 
hypoglycemia with concurrent pancreatis as is shown by degeneration of the acinar 
cells of the exocrine pancreas. Lymphocytic infiltration of pancreatic tissue was not 
observed. Infection of various BIO H-2 congenic mouse strains revealed that the 
development of hypoglycemia with accompanying pancreatitis was MHC-indepen- 
dent. However, disease outcome, as monitored by the severity and duration of 
hypoglycemia and by mortality rate, was associated with the H-2 haplotype. Three 
strains of mice, B10.AQR, B10.Q and B10.T(6R) had high mortality rates (43-100%) 
while mice of strains B10.AKM and B10.S(12R) were not killed by the virus. Thus, 
in B10 mice, the severity of disease induced by CB4-V correlated with the H-2K q 
locus. Although CB4-P replicated well in both B10.T(6R) and B10.S(12R), these 
mice were normoglycemic and did not appear ill during the follow-up eight weeks 
post-infection. This suggested that like CB4-V, infection of B10 H-2 congenic mice 
with CB4-P was MHC-independent. 

Since the K locus gene product can act to restrict the response of cytotoxic T 
lymphocytes (CTL) to viral antigens, several possibilities can be proposed to explain 
the correlation of severity of CB4-V infection with K q . One possibility is that K q 
acts as a major restriction element for the antigens of CB4-V, resulting in an 
increased CTL response in the B10.AQR, B10.Q and B10.T(6R) mouse strains as 
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compared to the B10.AKM and B10.S(12R) strains. Thus, pancreatic damage would 
be due primarily to immune-mediated destruction of infected acinar cells by CTL. 
As an example, susceptibility to lymphocytic choriomeningitis virus (LCMV) is 
linked to H-2D q (Zinkernagel et al., 1985). LCMV can persist in pancreatic ft cells 
of adult mice and is associated with aberrations in blood glucose concentrations 
(Tishon and Oldstone, 1987). Furthermore, LCMV-induced disease is the result of a 
T cell-mediated pathophysiological mechanism (Zinkernagel et al., 1985). A second 
possibility is that K q does not function as a restriction element for CB4-V. This lack 
of recognition by CTL of viral-infected cells should result in higher titers of virus in 
infected tissue due to increased viral replication and spread. Pancreatic damage in 
this case would be due primarily to viral-mediated destruction. Khatib et al. (1987) 
have suggested that myocardial damage in the acute phase of CB3 infection is 
caused by direct virus cytopathogenicity rather than by host "immune response. We 
examined whether CB4 virus replicated differentially in a susceptible [B10.T(6R)] 
and a resistant [B10.S(12R)] strain of mice (Table 2). Both CB4-V and CB4-P 
replicated to high titers in the pancreas of both strains of mice. However, CB4-V 
induced a severe hypoglycemia in B10.T(6R) mice, which succumbed to viral 
infection. CB4-V-infected B10.S(12R) mice exhibited a much milder hypoglycemia 
and did not succumb to viral infection. Since preferential replication of CB4-V in 
the most susceptible mouse strain, B10.T(6R), was not observed, this argues against 
K q influencing viral replication and destruction. An extension of this argument 
would be that direct viral destruction is not the major mechanism of pancreatic 
injury. This is also supported by the fact that CB4-P replicated to high titers in the 
pancreas of both B10.T(6R) and B10.S(12R) mice yet histological examination 
revealed no destruction of pancreatic tissue. Histological examination of pancreatic 
tissue from CB4-V infected BIO H-2 congenic mice revealed an association between 
acute destruction of the exocrine pancreas and lymphocytic infiltration. In the 
resistant B10.S(12R) mice, focal infiltrates were observed in the exocrine tissue. 
However, a generalized infiltration was observed in the exocrine tissue of the 
susceptible B10.T(6R) mice. This generalized lymphocytic infiltration may correlate 
with immune-mediated destruction of pancreatic tissue in BIO mice but not in SJL 
mice. To determine whether pancreatic damage in CB4-V infected mice is a result of 
immune-mediated destruction, we are currently testing whether K q acts as a 
restriction element for viral antigens by measuring the CTL response of the BIO H-2 
congenic mice to CB4-V. In addition to examining the role of host genes in the 
pathogenesis of CB4 virus infections, hybrid viruses have been constructed from 
cDNA clones of both CB4-V and CB4-P to localize the gene(s) involved in disease 
induction (Ramsingh et al, manuscript in preparation). 
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aagctcagaa 



ctgtgggttg 
tttgtgcgcc 
tcaatagctg 
gagtatcaat 
ttcgagaagc 
gtagttcagg 
gcggcctgcc 
attgagctag 
cgttcgcaag 
ttgggtgtcc 
tgttaccata 
ttgttggttt 
tcaatacgat 
attgagcgcc 
tgcttcaaat 
ggtaaaggat 
cggatatagc 
gtgtgcaaac 
aacagcggaa 
ttcagtgaaa 
agaaatgggg 
aattcatgtg 
gcctgaggct 
tggaggagag 
gacggctgtg 
ccaatggatt 
cgtcccaatg 
accgttggac 
tatgagcgct 
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ggcttaccgg 
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tacccaccca 
tgttttataa 
acgcagcaac 
aagctgcttg 
ctagtaacgc 
tcgatgagtc 
tgtggggcaa 
ttggtagtcc 
ccagcgagtg 
gtgtttcctt 
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aatttaagaa 
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ggggcatcaa 
tggtcaggga 
ttcttactag 
ttagggaccc 
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cagggcccaa 
ccccccccca 
ccagctgtgt 
cgcggctgaa 
catgaacgtt 
accgcgttcc 
cccgcaggac 
tccggcccct 
gtgtgtcgta 
ttattcttac 
attggccgtc 
gactacagaa 
cacaggtgtc 
caattattca 
ggcaagattt 
agtcgctgcc 
gatcaataac 
ggtatggcgt 
cccaacctga 
agtcagcggg 
agaatatgca 
catccaaatt 
gtgccaatgc 
gtttcgaaca 
gtatgggtgt 
caaacaatag 
tcaggcataa 
gagcgtcctc 
gtttgcgtct 
ttttgacgtc 
agatgaacat 
taccaatcaa 
ggtccactga 
gcgtgttaca 
gcctcaagtt 
catactcacc 
acgtcatatg 
agacgcacta 
ggtaccaaac 
ttgtgtcagc 



tgggcgctag 
gttcgcaact 
tttggccaag 
ggagaaaccg 
gaggagtgtt 
ccacgggtga 
gctctgatac 
gaatgcggct 
acgggcaact 
cttggctgct 
cagtgtcaaa 
atcttaaaac 
aacacaaaag 
ttacaccaac 
tacacaagac 
agcgctcaat 
actcgggaac 
ctggcccgat 
tgtggcaacg 
gtggtggtgg 
gtatcactac 
ccaccaaggt 
agaaaacgca 
gaatgcagcc 
gggggttggt 
tgccaccata 
taactttaca 
ttacatccct 
agctggtcat 
agatgatttt 
tccagggcaa 
taacttgaaa 
cgagatggga 
aagaacacta 
aacatttgtg 
acctggagca 
ggacgttgga 
caggtatgtt 
taatgtcata 
atgcaacgat 



cacactggta 
tagaagcaaa 
cacttctgtg 
ttcgttaccc 
tcgctcagca 
ccgtggcggt 
agacatggtg 
aatcctaact 
ctgcagcgga 
tatggtgaca 
tagagcaatc 
tctttatttc 
acaggggcac 
ataaactatt 
cctagtaaat 
tccccgactg 
tcgactataa 
tatcttagcg 
tgtaggtttt 
aagttcccag 
ctaggcagat 
tgtctgcttg 
cccgcgtatg 
acaggtgaga 
aacttgacta 
gcgatgccat 
ttaatgataa 
atcacagtga 
caaggcttac 
caatcaccat 
gtgaggaacc 
gctaatctga 
ggacagatat 
ctgggagaga 
ttctgtgggt 
ggggcaccag 
ctgcaatcca 
gttgatgaca 
gtcccagctg 
ttctctgtac 



24 01 gcatgttgag ggacacgcaa ttcattaagc aaacaaactt ttatcaggga ccaacagaag 

2461 agtccgtgga gagagcaatg gggagagttg cagacacgat tgcccgcggc ccatcgaact 

2521 ctgagcaaat cccagctctg acagctgtgg agactggaca tacttcccag gtggatccaa 

2581 gtgacacgat gcaaacaaga catgtgcata actaccactc cagatcagaa tcatctatag 

2 641 aaaacttcct gtgcagatct gcttgcgtaa tttatataaa atactccagt gctgaatcaa 

2 7 01 acaacctgaa gcggtatgcg gagtgggtta tcaacacaag gcaggtggct caactaaggc 

2761 gaaagatgga aatgttcact tatattcggt gcgacatgga gcttaccttt gtgattacca 

2 821 gccatcagga gacgtccacc gccactaact cagatgttcc agtgcagaca caccaaataa 
2881 tgtacgtgcc acctggcggc cctgtaccaa cgtcagtcaa cgactacgtg tggcaaacat 
2941 ccaccaaccc cagcatcttt tggacagagg gcaatgcacc accaaggatg tccataccgt 

3 001 tcatgagtat tggcaatgct tacaccatgt tttatgacgg gtggtcaaac ttctccagag 
3 061 acggcatata tggatataat tcattaaaca acatggggac catatatgcg cgccatgtta 
3121 atgattctag cccaggggga ctgaccagca ccatccgcat ctacttcaaa cccaaacacg 
3181 tcaaagcata tgtgccacgc cccccccgtt tgtgtcaata taagaaagcc aagagtgtga 
3241 actttgatgt tgaggccgtt acagcggagc gtgcaagctt gataaccaca ggccccta 
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